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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To measure a spatial 
image with full accuracy. 
SOLUTION: A slit 22, which extends in Y-axis 
direction, having a width in the measurement 
direction (X-axis direction) less than (wavelength 
A /opening number N.A. of a projection optical 
system), is formed in a slit plate 90 of a spatial image 
measurement apparatus 59. When a specific pattern 
PM illuminated with an illumination light IL for this 
purpose and when the slit plate 90 is scanned in X- 
axis direction to the spatial image, in a state in which 
the spatial image of that pattern is formed on the 
image surface by way of a projection optical system 
PL, the light having transmitted the slit 22 during 
scanning is photoelectrically converted with a 
photoelectric converter element 24. The 
photoelectric conversion signal (signal which 
corresponds to the light intensity of the spatial 
image) is output. Then based on the photoelectric 

conversion signal, light intensity distribution corresponding to the spatial image is measured 
with a controller. In this case, the spatial image can be measured with practically sufficient 
accuracy, since the width of the slit 22 is equal to or less than ( A /N.A.). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]It is a space image instrumentation method which measures a space image of a 
predetermined pattern formed of a projection optical system, A process of illuminating said 
pattern and forming a space image of this pattern on the image surface via said projection 
optical system by illumination light; while extending in the 1st direction in a two-dimensional 
flat surface vertical to an optic axis of said projection optical system, While width of the 2nd 
direction of [ within said two-dimensional flat surface vertical to this ] scans a slit plate 
which has at least one slit defined in consideration of the wavelength lambda of said 
illumination light in said 2nd direction in said two-dimensional flat surface near [ said ] the 
image surface, A process of acquiring a photoelectric conversion signal according to intensity 
of said illumination light which carried out photoelectric conversion of said illumination light 
which penetrated said slit, and penetrated said slit, and a space image instrumentation 
method containing;. 

[Claim 2]It is a space image instrumentation method which measures a space image of a 
predetermined pattern formed of a projection optical system, A process of illuminating said 
pattern and forming a space image of this pattern on the image surface via said projection 
optical system by illumination light; while extending in the 1st direction in a two-dimensional 
flat surface vertical to an optic axis of said projection optical system, While width of the 2nd 
direction of [ within said two-dimensional flat surface vertical to this ] scans a slit plate 
which has at least one slit defined in consideration of numerical aperture N.A. of said 
projection optical system in said 2nd direction in said two-dimensional flat surface near 
[ said ] the image surface, A process of acquiring a photoelectric conversion signal according 
to intensity of said illumination light which carried out photoelectric conversion of said 
illumination light which penetrated said slit, and penetrated said slit, and a space image 
instrumentation method containing;. 

[Claim 3]The space image instrumentation method according to claim 1 or 2, wherein width 
of said 2nd direction of said slit is the following (lambda/N.A.) which **(ed) wavelength 
lambda of said illumination light by numerical aperture N.A. of said projection optical system 
more greatly than zero. 

[Claim 4]The space image instrumentation method according to claim 3, wherein width of said 

2nd direction of said slit is 0.8 or less time of the above (lambda/N.A.). 

[Claim 5]The space image instrumentation method according to claim 1 or 2, wherein width 

of said 2nd direction of said slit is odd times the half of a minimum pitch which is a pitch of a 

line and space pattern of a resolution limit which becomes settled by Lighting Sub-Division 

conditions including classification of said illumination light and said pattern. 

[Claim 6]The space image instrumentation method according to claim 1 or 2, wherein width 

of said 2nd direction of said slit is specified considering wavelength of said illumination light 

as odd times of {lambda/(2 N.A.)} by making a numerical aperture of lambda and said 

projection optical system into N.A. 

[CI aim 7]Cairy out the Fourier transform of said photoelectric conversion signal, search for 
spatial frequency distribution, break this ****** spatial frequency distribution by known 
frequency spectrum of said slit again, and it changes into spectrum distribution of the original 
space image, The space image instrumentation method according to any one of claims 1 to 6 
including further a process of recovering the original space image by carrying out inverse 

http://www4.ipdl.inpit.go^ 20 1 0/09/08 



JP,2002-014005,A [CLAIMS] 



Fourier transform of this spectrum distribution. 

[Claim 8]Are an imaging characteristic instrumentation method which measures the imaging 
characteristic of a projection optical system, and a predetermined pattern is illuminated by 
illumination light, A space image of this pattern via said projection optical system. A process 
formed on the image surface; while scanning a slit plate which has at least one slit of 
prescribed width prolonged in the 1st direction in a two-dimensional flat surface vertical to 
an optic axis of said projection optical system in the 2nd direction vertical to said 1st 
direction in said two-dimensional flat surface near [ said ] the image surface, A process of 
acquiring a photoelectric conversion signal according to intensity of said illumination light 
which carried out photoelectric conversion of said illumination light which penetrated said 
slit, and penetrated said slit; a process of performing predetermined processing to said 
photoelectric conversion signal, and searching for the imaging characteristic of said 
projection optical system, and an imaging characteristic instrumentation method containing;. 
[Claim 9]Said pattern is a line and space pattern which has periodicity in the direction 
corresponding to the 2nd direction. 

Detection of said photoelectric conversion signal, changing a position of said optical axis 
direction of said slit plate as a multiple-times repetition and said predetermined processing, 
The Fourier transform of two or more photoelectric conversion signals acquired by said 
repetition is carried out, respectively, Contrast which is a gain of each primary frequency 
component and Oth frequency component is searched for, The imaging characteristic 
instrumentation method according to claim 8 detecting best focus positions of said projection 
optical system by detecting a position of said optical axis direction corresponding to a 
photoelectric conversion signal with which this contrast serves as the maximum. 

[Claim 10]The imaging characteristic instrumentation method according to claim 9 including 
further a process of detecting image surface shape of said projection optical system by 
performing detection of said best focus positions repeatedly about two or more points from 
which distance from an optic axis of said projection optical system differs. 
[Claim 1 1]Detection of said best focus positions in an optic axis of said projection optical 
system, The imaging characteristic instrumentation method according to claim 9 including 
further a process of carrying out repeatedly and searching for a spherical aberration of said 
projection optical system based on a difference of said best focus positions corresponding to 
said each pattern about said two or more line and space patterns of a different pitch. 
[Claim 12]Said pattern is a pattern containing at least one rectangular pattern with larger 
width of said 2nd direction than width of said 2nd direction of said slit. 

About a space image of said pattern projected on a different position in an image field of said 
projection optical system, perform formation of said space image, and detection of said 
photoelectric conversion signal repeatedly, and as said predetermined processing, A phase of 
two or more photoelectric conversion signals of each, acquired by said repetition, is 
detected, The imaging characteristic instrumentation method according to claim 8 computing 
a position of a space image corresponding to said each photoelectric conversion signal based 
on a result of this phase detection, respectively, and asking for at least distortion of said 
projection optical system, and one side of magnification based on this computed result. 

[Claim 13]Said pattern is a pattern containing at least one rectangular pattern with larger 
width of said 2nd direction than width of said 2nd direction of said slit, About a space image 
of said pattern projected on a different position in an image field of said projection optical 
system, perform formation of said space image, and detection of said photoelectric 
conversion signal repeatedly, and as said predetermined processing, Based on an intersection 
of two or more photoelectric conversion signals of each acquired by said repetition and 
predetermined slice level, a position of a space image corresponding to said each 
photoelectric conversion signal is computed, respectively, The imaging characteristic 
instrumentation method according to claim 8 asking for at least distortion of said projection 
optical system, and one side of magnification based on this computed result. 
[Claim 14]The imaging characteristic instrumentation method according to claim 8, wherein 
said pattern is a line and space pattern which has periodicity in said 1st direction with 
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rectangular shape as a whole. 

[Claim 15]About a space image of said pattern projected on a different position in an image 
field of said projection optical system, perform formation of said space image, and detection 
of said photoelectric conversion signal repeatedly, and as said predetermined processing, 
Based on an intersection of two or more photoelectric conversion signals of each acquired 
by said repetition and predetermined slice level, a position of a space image corresponding to 
said each photoelectric conversion signal is computed, respectively, The imaging 
characteristic instrumentation method according to claim 14 asking for at least distortion of 
said projection optical system, and one side of magnification based on this computed result. 
[Claim 16]Said pattern is a line and space pattern which has periodicity in the direction 
corresponding to said 2nd direction. 

The imaging characteristic instrumentation method according to claim 8 computing a line 
width abnormal value of each of said line pattern as said predetermined processing based on 
an intersection of said photoelectric conversion signal and predetermined slice level, and 
searching for a coma aberration of said projection optical system based on this computed 
result. 

[Claim 17]Said pattern is a line and space pattern which has periodicity in the direction 
corresponding to said 2nd direction. 

The 1st fundamental frequency component corresponding to a pitch of each of said line 
pattern of said photoelectric conversion signal as said predetermined processing, The imaging 
characteristic instrumentation method according to claim 8 computing phase contrast with 
the 2nd frequency component corresponding to width of said whole line and space pattern, 
and searching for a coma aberration of said projection optical system based on this 
computed result. 

[Claim 18]Said pattern is a symmetrical mark pattern which has at least two kinds of line 
patterns in which line width arranged with a prescribed interval in the direction corresponding 
to said 2nd direction differs. 

The imaging characteristic instrumentation method according to claim 8 computing a gap of 
the symmetry of a space image of said pattern as said predetermined processing based on 
an intersection of said photoelectric conversion signal and predetermined slice level, and 
searching for a coma aberration of said projection optical system based on this computed 
result. 

[Claim 19]In order to be a space image metering device which measures a space image of a 
predetermined pattern formed of a projection optical system and to form a space image of 
said pattern on the image surface via said projection optical system, A lighting system which 
illuminates said pattern; while extending in the 1st direction in a two-dimensional flat surface 
vertical to an optic axis of said projection optical system, . Width of the 2nd direction vertical 
to this is the following (lambda/N.A.) which **(ed) wavelength lambda of said illumination light 
by numerical aperture N.A. of said projection optical system more greatly than zero. A slit 
plate which has at least one slit; Photoelectric conversion of said illumination light which 
penetrated said slit plate is carried out, An optoelectric transducer which outputs a 
photoelectric conversion signal according to intensity of said illumination light which 
penetrated said slit; where said pattern was illuminated by said lighting system and said 
space image is formed on said image surface, A processing unit which measures light 
intensity distribution corresponding to said space image based on a photoelectric conversion 
signal from said optoelectric transducer while scanning said slit plate in said 2nd direction in 
said two-dimensional flat surface near [ said ] the image surface, and a space image metering 
device provided with;. 

[Claim 20]A substrate stage which is an exposure device which transfers to a substrate a 
circuit pattern formed in a mask via a projection optical system, and holds said substrate; an 
exposure device with which said slit plate is provided with said substrate stage and the 
space image metering device according to claim 1 9 which comprised one movable. 
[Claim 21]The exposure device according to claim 20 having further a control device which 
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measures light intensity distribution corresponding to a space image of various mark patterns 
using said space image metering device, and searches for the imaging characteristic of said 
projection optical system based on data of said the measured light intensity distribution. 
[Claim 22]A mark detection system which detects a position of a mark on said substrate 
stage; the exposure device according to claim 20 having further a control device which 
detects relative position relation of a projecting position of a pattern of said mask by said 
projection optical system, and said mark detection system using said space image metering 
device. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to a space image instrumentation method, an 
imaging characteristic instrumentation method, a space image metering device, and an 
exposure device, and in more detail, It is related with an exposure device provided with the 
space image metering device and this space image metering device for performing the space 
image instrumentation method which measures the space image formed in the image surface 
from a projection optical system, the imaging characteristic instrumentation method which 
measures the imaging characteristic of a projection optical system using this space image 
instrumentation method, and said space image instrumentation method. 
[0002] 

[Description of the Prior Art]ConventionaIIy, when manufacturing a semiconductor device or 
a liquid crystal display element by a photolithography process, A photo mask or the pattern 
of reticle (it is hereafter named "reticle" generically), A projection aligner transferred on 
substrates, such as a wafer or a glass plate in which sensitizing agents, such as photoresist, 
were applied to the surface via the projection optical system, For example, the reduced- 
projection-exposure device (what is called a stepper) of a step-and-repeat method, the 
scanning projection aligner (what is called a scanning stepper) of the step and scanning 
method, etc. are used. 

[0003]By the way, since it is necessary to accumulate a different circuit pattern on many 
layers, and to form it on a substrate to manufacture a semiconductor device etc., it is 
important to pile up correctly the reticle by which the circuit pattern was drawn, and the 
pattern already formed in each shot region on a substrate. In order to perform this 
superposition with sufficient accuracy, it is indispensable that the imaging characteristic of a 
projection optical system is adjusted to a desired state. 

[0004]It is necessary to measure an imaging characteristic correctly as a premise of 
adjustment of the imaging characteristic of this projection optical system. It exposes using 
the mask for Measurement Division in which the predetermined pattern for Measurement 
Division was formed as an instrumentation method of this imaging characteristic, The way (it 
is hereafter called the "burning method") the projection image of the pattern for 
Measurement Division computes an imaging characteristic based on the measuring result 
which measured the resist image acquired by developing the substrate by which transfer 
formation was carried out is mainly used. In addition, without actually exposing, the space 
image (projection image) of the pattern for Measurement Division which illuminated the mask 
for Measurement Division by the illumination light, and was formed of the projection optical 
system is measured, and the method (it is hereafter called "space image mensuration") of 
computing an imaging characteristic based on this measuring result is also performed. 
[0005]Conventional space image Measurement Division was performed in general as follows. 
Namely, as shown, for example in drawing 38 (A), the opening plate 123 with which the square 
opening 122 was formed is installed on a substrate stage, To space image MP' of the pattern 
for Measurement Division on the reticle for Measurement Division formed of the unillustrated 
projection optical system, the opening plate 123 is scanned in the direction of the arrow A 
via a substrate stage, and photoelectric conversion of the illumination light which penetrated 
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the opening 122 is received and carried out by an optoelectric transducer. By this 
photoelectric conversion, a photoelectric conversion signal (light intensity signal 
corresponding to a space image) as shown in drawing 38 ( B) is acquired. Next, it asks for a 
differential waveform as shown in drawing 38 (C) by differentiating the waveform of a 
photoelectric conversion signal as shown in this drawing 38 (B) to a scanning direction. And 
based on a differential waveform as shown in this drawing 38 (C), predetermined signal 
processing with the publicly known Fourier transform etc. is performed, and the optical image 
(space image) on which the measurement mark was projected is searched for. 
[0006]About detection of the distortion of the projection optical system based on 
Measurement Division and this of this space image, etc., it is indicated in detail by ******10- 
209031******** etc., for example. 
[0007] 

[Problem(s) to be Solved by the Invention]However, if it was in the above-mentioned 
conventional space image instrumentation method, since the big opening was made to scan 
and space image intensity was measured, as shown in drawing 38 (B), a result in which the 
big low-frequency component in addition to the spatial frequency component by which the 
profile of a space image is characterized is intermingled had been brought. There is a 
limitation in the dynamic range of this signal-processing system that is the latter part on the 
other hand, The S/N ratio of the signal component which reflected the profile of the space 
image as a result from the resolution (for example, the actual condition about 16 bits) to the 
dynamic range of a signal-processing system being restricted could not but become small. 
For this reason, it was weak in the noise, and when changing into a space image strength 
signal from a space image, it was difficult [ it ] for degradation of an image profile to become 
large and to measure a space image in sufficient accuracy. 

[0008]In addition, also in the former, the device which mainly scans a slit to the space image 
of a pattern for the purpose of detection of the image formation position of a pattern is 
indicated by JP,58-7823,A etc., for example. However, in the device indicated by this gazette, 
slit width was determined corresponding to the shape of a mask pattern (reference pattern). 
For this reason, it was difficult to measure correctly the space image of the pattern of 
various shape (a size is included). 

[0009]This invention was made under this situation and the 1st purpose is to provide the 
space image instrumentation method and space image metering device which can measure a 
space image in sufficient accuracy. 

[0010]The 2nd purpose of this invention is to provide the imaging characteristic 
instrumentation method which can measure the imaging characteristic of a projection optical 
system with sufficient accuracy. 

[0011]The 3rd purpose of this invention is to provide the exposure device which can aim at 

improvement in exposure precision. 

[0012] 

[Means for Solving the Problem]Generally the resolution (resolution) R of a projection optical 
system with which an exposure device is equipped. It is expressed with relation between 
R=kxlambda/N.A. (it is a constant (process coefficient) as which determine lambda with 
wavelength of illumination light, N.A. is determined by numerical aperture of a projection 
optical system, and k is determined by a process other than the resolving power of resist) as 
a formula of Rayleigh may be sufficient and it is known. Then, by defining width of a scanning 
direction of an opening used for space image Measurement Division at least in consideration 
of one side with the wavelength lambda of illumination light, and numerical aperture N.A. of a 
projection optical system, as a result of an artificer's conducting various experiments etc. 
paying attention to this point, It became clear that a good result was obtained in space image 
Measurement Division. A space image instrumentation method concerning this invention is 
made based on new knowledge which this artificer acquired. 

[0013]The invention according to claim 1 is a space image instrumentation method which 
measures a space image of a predetermined pattern formed of a projection optical system 
(PL), A process of illuminating said pattern and forming a space image of this pattern on the 
image surface via said projection optical system by illumination light (IL); while extending in 
the 1st direction in a two-dimensional flat surface vertical to an optic axis of said projection 
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optical system, While width of the 2nd direction of [ within said two-dimensional flat surface 
vertical to this ] scans a slit plate (90) which has at least one slit defined in consideration of 
the wavelength lambda of said illumination light in said 2nd direction in said two-dimensional 
flat surface near [ said ] the image surface, A process and; which acquire a photoelectric 
conversion signal according to intensity of said illumination light which carried out 
photoelectric conversion of said illumination light which penetrated said slit, and penetrated 
said slit are included. 

[0014]According to this, by illumination light, a predetermined pattern is illuminated and a 
space image of this pattern is formed on the image surface via a projection optical system. 
And while extending in the 1st direction to this space image in a two-dimensional flat surface 
vertical to an optic axis of a projection optical system, While width of the 2nd direction of 
[ within said two-dimensional flat surface vertical to this ] scans a slit plate which has at 
least one slit defined in consideration of the wavelength lambda of illumination light in the 
2nd direction in said two-dimensional flat surface near the image surface, A photoelectric 
conversion signal according to intensity of illumination light which carried out photoelectric 
conversion of the illumination light which penetrated a slit, and penetrated a slit is acquired. 
And a space image (distribution of image strength) can be acquired by performing 
predetermined processing to this photoelectric conversion signal. 

[0015]That is, a space image of a prescribed pattern can be acquired with a slit scan method. 
In this case, since width of a scanning direction of a slit is defined in consideration of 
wavelength of illumination light, it becomes possible to measure a space image in sufficient 
accuracy. 

[0016]The invention according to claim 2 is a space image instrumentation method which 
measures a space image of a predetermined pattern formed of a projection optical system, A 
process of illuminating said pattern and forming a space image of this pattern on the image 
surface via said projection optical system by illumination light; while extending in the 1st 
direction in a two-dimensional flat surface vertical to an optic axis of said projection optical 
system, While width of the 2nd direction of [ within said two-dimensional flat surface vertical 
to this ] scans a slit plate which has at least one slit defined in consideration of numerical 
aperture N.A. of said projection optical system in said 2nd direction in said two-dimensional 
flat surface near [ said ] the image surface, A process and; which acquire a photoelectric 
conversion signal according to intensity of said illumination light which carried out 
photoelectric conversion of said illumination light which penetrated said slit, and penetrated 
said slit are included. 

[0017]According to this, by illumination light, a predetermined pattern is illuminated and a 
space image of this pattern is formed on the image surface via a projection optical system. 
And while extending in the 1st direction to this space image in a two-dimensional flat surface 
vertical to an optic axis of a projection optical system, While width of the 2nd direction of 
[ within said two-dimensional flat surface vertical to this ] scans a slit plate which has at 
least one slit defined in consideration of numerical aperture N.A. of a projection optical 
system in the 2nd direction in said two-dimensional flat surface near the image surface, A 
photoelectric conversion signal according to intensity of illumination light which carried out 
photoelectric conversion of the illumination light which penetrated a slit, and penetrated a slit 
is acquired. And a space image (distribution of image strength) can be acquired by performing 
predetermined processing to this photoelectric conversion signal. 

[0018]That is, a space image of a prescribed pattern can be acquired with a slit scan method. 
In this case, since width of a scanning direction of a slit is defined in consideration of a 
numerical aperture of a projection optical system, it becomes possible to measure a space 
image in sufficient accuracy. 

[0019]As for width of said 2nd direction of said slit, in a space image instrumentation method 
concerning each invention given in the above-mentioned Claims 1 and 2, it is desirable like 
the invention according to claim 3 that it is the following (lambda/N.A.) which **(ed) 
wavelength lambda of said illumination light by numerical aperture N.A. of said projection 
optical system more greatly than zero. Since width of a scanning direction of a slit is defined 
in consideration of both of the wavelength lambda and numerical aperture N A. which are two 
parameters which affect resolution in this case, even if compared with each invention given 
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in Claims 1 and 2, it becomes possible to measure a space image with much more sufficient 
accuracy. That width of a scanning direction of a slit presupposed here that it is the following 
(lambda/N.A.), An artificer width (it is considered as 2D) of a scanning direction of a slit as 
2D=f(lambda/N.A.) =n- (iambda/NA), [ 1st ] So that it may be because a good result (result 
practical enough) was obtained when it was considered as the coefficient n= 1 as a result of 
repeating a simulation, an experiment, etc. and conducting them and may mention later to the 
2nd, It is because the above-mentioned photoelectric conversion signal becomes a 
convolution of SURITSU ** and intensity distribution of a space image, so width 2D of a 
scanning direction of a slit from a field of measurement accuracy is so good that it is small. 
[0020]In this case, as for width of said 2nd direction of said slit, it is much more desirable like 
the invention according to claim 4 that it is 0.8 or less time of the above (lambda/N.A.X When 
slit width 2D was less than 80% of lambda/(N.A) according to a simulation with slit width 
small like **** from a field of measurement accuracy which it was moderate and an artificer 
performed, and the experiment, a much more practical thing was checked. 
[0021]However, since light intensity which penetrates a slit will become small too much and 
Measurement Division will become difficult if 2D is too small if restrictions from a throughput 
side are taken into consideration, a certain amount of size is required. 
[0022]In a space image instrumentation method concerning each invention of a description, 
to the above-mentioned Claims 1 and 2, like the invention according to claim 5 width of said 
2nd direction of said slit, It is good also as being odd times the half of a minimum pitch which 
is a pitch of a line and space pattern of a resolution limit which becomes settled by Lighting 
Sub-Division conditions including classification of said illumination light and said pattern. 
[0023]In the case of a usual pattern which is not used, here a phase shift method etc. under 
conventional Lighting Sub-Division the above-mentioned minimum pitch, It becomes 
lambda/N.A. mostly and it is checked at a case of a phase shift pattern, i.e., a pattern of a 
phase shift mask (phase shift reticle) which adopted a phase shift method, that a minimum 
pitch becomes lambda/(2 N.A.) mostly. A halftone type, the Levenson type, etc. are 
mentioned as a phase shift mask. 

[0024]In a space image instrumentation method concerning each invention of a description, 
to the above-mentioned Claims 1 and 2, like the invention according to claim 6 width of said 
2nd direction of said slit, It is good also as specifying wavelength of said illumination light as 
odd times of [lambda/(2 N.A.)} by making a numerical aperture of lambda and said projection 
optical system into N.A. 

[0025]In each invention of a description, to the above-mentioned Claims 1-6, like the 
invention according to claim 7, Carry out the Fourier transform of said photoelectric 
conversion signal, search for spatial frequency distribution, break this ****** spatial 
frequency distribution by known frequency spectrum of said slit again, and it changes into 
spectrum distribution of the original space image, Suppose that a process of recovering the 
original space image is included further by carrying out inverse Fourier transform of this 
spectrum distribution. 

[0026]The invention according to claim 8 is an imaging characteristic instrumentation method 
which measures the imaging characteristic of a projection optical system, A predetermined 
pattern is illuminated by illumination light, A space image of this pattern via said projection 
optical system. A process formed on the image surface; while scanning a slit plate which has 
at least one slit of prescribed width prolonged in the 1st direction in a two-dimensional flat 
surface vertical to an optic axis of said projection optical system in said 2nd direction 
vertical to said 1st direction in said two-dimensional flat surface near [ said ] the image 
surface, A process of acquiring a photoelectric conversion signal according to intensity of 
said illumination light which carried out photoelectric conversion of said illumination light 
which penetrated said slit, and penetrated said slit; a process and; which perform 
predetermined processing to said photoelectric conversion signal, and search for the imaging 
characteristic of said projection optical system are included. 

[0027]According to this, by illumination light, a predetermined pattern is illuminated and a 
space image of this pattern is formed on the image surface via a projection optical system. 
While scanning a slit plate which has at least one slit of prescribed width prolonged in the 1 st 
direction in this state in a two-dimensional flat surface vertical to an optic axis of a 
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projection optical system in the 2nd direction vertical to the 1st direction in said two- 
dimensional flat surface near the image surface, A photoelectric conversion signal according 
to intensity of illumination light which carried out photoelectric conversion of the illumination 
light which penetrated a slit, and penetrated a slit is acquired. And predetermined processing 
is performed to this photoelectric conversion signal, and the imaging characteristic of a 
projection optical system is searched for. 

[0028]That is, since a space image of a prescribed pattern can be acquired, predetermined 
processing is performed to this acquired photoelectric conversion signal and the imaging 
characteristic of a projection optical system is searched for with a slit scan method, it 
becomes possible to measure the imaging characteristic of a projection optical system with 
sufficient accuracy. 

[0029]In this case, like the invention according to claim 9 said pattern, When it is a line and 
space pattern which has periodicity in the direction corresponding to the 2nd direction, 
detection of said photoelectric conversion signal, changing a position of said optical axis 
direction of said slit plate as a multiple-times repetition and said predetermined processing, 
The Fourier transform of two or more photoelectric conversion signals acquired by said 
repetition is carried out, respectively, Contrast which is a gain of each primary frequency 
component and Oth frequency component can be searched for, and suppose that best focus 
positions of said projection optical system are detected by detecting a position of said 
optical axis direction corresponding to a photoelectric conversion signal with which this 
contrast serves as the maximum. Since the above-mentioned contrast changes sensitively 
according to a focusing position (defocusing amount), according to this invention, it can 
measure best focus positions of a projection optical system often [ accuracy ] and easily 
(determination). 

[0030]In this case, suppose that a process of detecting image surface shape of said 
projection optical system is included further like the invention according to claim 10 by 
performing detection of said best focus positions repeatedly about two or more points from 
which distance from an optic axis of said projection optical system differs. A countless point 
(.) that the image surface, i.e., the best image formation face, differs in distance from an optic 
axis Namely, since it is a field which comprises a set of a best focal point in a countless 
point that the so-called height of an image differs, It becomes possible to search for the 
image surface easily and correctly by performing detection of best focus positions repeatedly 
about two or more points from which distance from an optic axis of said projection optical 
system differs, and performing a statistical procedure based on the detection result. 
[0031]In an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 9, like the invention according to claim 1 1, Detection 
of said best focus positions in an optic axis of said projection optical system, Suppose that a 
process of carrying out repeatedly and searching for a spherical aberration of said projection 
optical system based on a difference of said best focus positions corresponding to said each 
pattern about said two or more line and space patterns of a different pitch is included 
further. A spherical aberration is one of the aperture aberration of an optical system, and 
when a bundle of rays with various openings from the object point on an optic axis enters 
into an optical system, it is a phenomenon in which the corresponding image point does not 
carry out image formation to one point. Therefore, based on a difference of a line and space 
pattern ****** repetition deed of plurality of a pitch which is different in detection of best 
focus positions in an optic axis of a projection optical system, and best focus positions 
corresponding to each pattern, a spherical aberration can be easily searched for by an 
operation. 

[0032]ln an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 8, like the invention according to claim 12 said 
pattern, It is a pattern containing at least one rectangular pattern with larger width of said 
2nd direction than width of said 2nd direction of said slit, About a space image of said 
pattern projected on a different position in an image field of said projection optical system, 
perform formation of said space image, and detection of said photoelectric conversion signal 
repeatedly, and as said predetermined processing, A phase of two or more photoelectric 
conversion signals of each, acquired by said repetition, is detected. Based on a result of this 
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phase detection, a position of a space image corresponding to said each photoelectric 
conversion signal can be computed, respectively, and suppose that it asks for at least 
distortion of said projection optical system, and one side of magnification based on this 
computed result. 

[0033]Here, distortion is the aberration of a projection optical system which becomes the 
image at which what should become a straight line essentially around in an image field turned, 
like a case where there is a magnification error by distortion, a pattern image shifts from a 
position on the image surface, and image formation (carrying out a strike slip) is carried out. 
[0034]According to this invention, since it can ask for a position gap of a space image of a 
pattern projected on a different position in an image field of a projection optical system by 
the technique of phase detection with respectively sufficient accuracy, either [ at least ] 
distortion or magnification is measurable with sufficient accuracy as a result. Having 
presupposed a pattern here that at least one rectangular pattern with larger width of the 2nd 
direction than width of the 2nd direction of a slit is included, It is because it will become 
difficult under the influence of other aberration, such as a coma aberration, to measure 
distortion correctly if width of the 2nd direction of a pattern is smaller than a slit. 
[0035]In an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 8, like the invention according to claim 1 3 said 
pattern, When it is a pattern containing at least one rectangular pattern with larger width of 
said 2nd direction than width of said 2nd direction of said slit, About a space image of said 
pattern projected on a different position in an image field of said projection optical system, 
perform formation of said space image, and detection of said photoelectric conversion signal 
repeatedly, and as said predetermined processing, Based on an intersection of two or more 
photoelectric conversion signals of each acquired by said repetition and predetermined slice 
level, a position of a space image corresponding to said each photoelectric conversion signal 
is computed, respectively, Suppose that it asks for at least distortion of said projection 
optical system, and one side of magnification based on this computed result. 
[0036]According to this invention, with the technique of edge detection using a slice method, 
a position of a space image of a pattern projected on a different position in an image field of 
a projection optical system can be searched for with respectively sufficient accuracy, and 
distortion can be measured with sufficient accuracy as a result. Here, a pattern depends on 
the same Reason [ that we decided that at least one rectangular pattern with larger width of 
the 2nd direction than width of the 2nd direction of a slit is included ] as a case of Claim 12. 
[0037]In an imaging characteristic instrumentation method given in above-mentioned Claim 8, 
said pattern is good as a whole like the invention according to claim 14 also as being a line 
and space pattern which has periodicity in said 1st direction with rectangular shape. In this 
case, with a slit scan method, when detection of a space image of a prescribed pattern is 
performed. The relatively scan of the slit is carried out in the direction vertical to period 
directions of a pattern, and a signal of a time of carrying out the slit scan of the rectangular 
pattern of whole shape of the pattern and the shape of isomorphism and same space image 
can be acquired as a result. Thereby, for example in the latest CMP process, space image 
Measurement Division equivalent to a time of using this mark pattern is attained, without 
actually forming a BOX mark (inner BOX mark) pattern of a 10-micrometer angle etc. in 
which formation was made difficult, since dishing arises. 

[0038]ln this case, like the invention according to claim 15 formation of said space image, 
and detection of said photoelectric conversion signal, About a space image of said pattern 
projected on a different position in an image field of said projection optical system, carry out 
repeatedly and as said predetermined processing, Based on an intersection of two or more 
photoelectric conversion signals of each acquired by said repetition and predetermined slice 
level, a position of a space image corresponding to said each photoelectric conversion signal 
is computed, respectively. It is good also as asking for at least distortion of said projection 
optical system, and one side of magnification based on this computed result. 
[0039]In an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 8, like the invention according to claim 16 said 
pattern, When it is a line and space pattern which has periodicity in the direction 
corresponding to said 2nd direction, as said predetermined processing, Based on an 
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intersection of said photoelectric conversion signal and predetermined slice level, a line width 
abnormal value of each of said line pattern can be computed, and suppose that a coma 
aberration of said projection optical system is searched for based on this computed result. 
[0040]A coma aberration is the aberration of a lens by magnifications differing by various 
zona orbicularis of a lens, and is produced into a portion of a picture of distance which is 
separated from a principal axis of a projection optical system. Therefore, in a position which 
is separated from an optic axis, line width of each line pattern will differ among space images 
of a line and space pattern according to a coma aberration. Therefore, according to this 
invention which detects a line width abnormal value of each line pattern with the technique 
of edge detection using a slice method, it becomes possible to measure a coma aberration 
often [ accuracy ] and easily. 

[0041]In an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 8, like the invention according to claim 17 said 
pattern, When it is a line and space pattern which has periodicity in the direction 
corresponding to said 2nd direction, as said predetermined processing, Phase contrast of the 
1st fundamental frequency component corresponding to a pitch of each of said line pattern 
of said photoelectric conversion signal and the 2nd frequency component corresponding to 
width of said whole line and space pattern can be computed, and suppose that a coma 
aberration of said projection optical system is searched for based on this computed result. 
Since it is greatly influenced by a coma aberration so that width of a scanning direction of a 
pattern which is the target of space image Measurement Division is narrow, Influence of a 
coma aberration on a space image of each line pattern of a line and space pattern and 
influence of a coma aberration on a space image of the pattern at the time of putting the 
whole line and space pattern at one pattern are different. Therefore, the 1st fundamental 
frequency component corresponding to a pitch of each line pattern of a photoelectric 
conversion signal, Phase contrast with the 2nd frequency component corresponding to width 
of the whole line and space pattern is computed, and according to this invention which 
searches for a coma aberration of a projection optical system based on this computed result, 
a coma aberration of a projection optical system can be searched for with sufficient 
accuracy with the technique of phase detection. 

[0042]In an imaging characteristic instrumentation method concerning an invention of a 
description, to above-mentioned Claim 8, like the invention according to claim 18 said 
pattern, When it is a symmetrical mark pattern which has at least two kinds of line patterns 
in which line width arranged with a prescribed interval in the direction corresponding to said 
2nd direction differs, as said predetermined processing, Based on an intersection of said 
photoelectric conversion signal and predetermined slice level, a gap of the symmetry of a 
space image of said pattern can be computed, and suppose that a coma aberration of said 
projection optical system is searched for based on this computed result. A result which 
carries out a position gap greatly under the influence of a coma aberration as a space image 
of a line pattern with thin width of a scanning direction, As for a space image of a 
symmetrical mark pattern which has two or more kinds of line patterns in which line width 
arranged with a prescribed interval in the direction corresponding to a scanning direction 
differs, the symmetry shifts greatly, so that a coma aberration is large. Therefore, with the 
technique of edge detection using a slice method, a gap of the symmetry of a space image of 
said symmetry mark pattern is computed, and according to this invention which searches for 
a coma aberration of a projection optical system based on the computed result, a coma 
aberration of a projection optical system can be searched for with sufficient accuracy. 
[0043]In order for the invention according to claim 19 to be a space image metering device 
which measures a space image of a predetermined pattern formed of a projection optical 
system and to form a space image of said pattern on the image surface via said projection 
optical system, A lighting system (10) which illuminates said pattern; while extending in the 
1st direction in a two-dimensional flat surface vertical to an optic axis of said projection 
optical system, . Width of the 2nd direction vertical to this is the following (lambda/N.A.) 
which **(ed) wavelength lambda of said illumination light by numerical aperture N.A. of said 
projection optical system more greatly than zero. A slit plate (90) which has at least one slit; 
Photoelectric conversion of said illumination light which penetrated said slit plate is carried 
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out, An optoelectric transducer (24) which outputs a photoelectric conversion signal 
according to intensity of said illumination light which penetrated said slit; where said pattern 
was illuminated by said lighting system and said space image is formed on said image surface, 
While scanning said slit plate in said 2nd direction in said two-dimensional flat surface near 
[ said ] the image surface, it has a processing unit (20) and; which measure light intensity 
distribution corresponding to said space image based on a photoelectric conversion signal 
from said optoelectric transducer. 

[0044]According to this, by a lighting system, a predetermined pattern is illuminated and a 
space image of this pattern is formed on the image surface via a projection optical system. 
And while a slit plate which has at least one slit prolonged in the 1st direction to a formed 
space image with a processing unit in a two-dimensional flat surface vertical to an optic axis 
of a projection optical system is scanned in the 2nd direction in said two-dimensional flat 
surface near the image surface, Based on a photoelectric conversion signal (electrical signal 
which carried out photoelectric conversion of the illumination light which penetrated a slit 
during a scan) from an optoelectric transducer, light intensity distribution corresponding to a 
space image is measured. That is, thus, a space image of a prescribed pattern is measured 
by a slit scan method. Since width of a scanning direction of a slit formed in a slit plate in 
this case is the following Oambda/N.A.), it can measure a space image in practically sufficient 
high accuracy like above-mentioned Claim 3, 

[0045]The invention according to claim 20 is an exposure device which transfers a circuit 
pattern formed in a mask (R) to a substrate (W) via a projection optical system (PL), A 
substrate stage (WST) holding said substrate; said slit plate (90) is provided with said 
substrate stage and the space image metering device according to claim 19 which comprised 
one movable. 

[0046]From a slit plate being provided with the space image metering device according to 
claim 18 which comprised a substrate stage and one movable according to this. For example, 
a space image metering device enables it to measure a space image of various patterns for 
Measurement Division with high precision, forming various patterns for Measurement Division 
in a mask, and moving a slit plate to it by a substrate stage and one. Therefore, improvement 
in exposure precision is attained as a result by performing initial acjjustment of the imaging 
characteristic of a projection optical system, etc., using this measuring result. 
[0047]In this case, said space image metering device is used like the invention according to 
claim 21, Light intensity distribution corresponding to a space image of various mark patterns 
can be measured, and suppose that it has further a control device (20) which searches for 
the imaging characteristic of said projection optical system based on data of said the 
measured light intensity distribution. By a control device, in this case, light intensity 
distribution corresponding to a space image of various mark patterns is measured, and it is 
asked for the imaging characteristic of a projection optical system based on data of the 
measured light intensity distribution. Therefore, when required, it becomes possible to search 
for the imaging characteristic of a projection optical system, and it becomes possible to 
adjust the imaging characteristic of a projection optical system in advance of an exposure 
start according to this imaging characteristic searched for. Therefore, improvement in 
exposure precision is attained. 

[0048]In an exposure device concerning an invention of a description, to above-mentioned 
Claim 20, like the invention according to claim 22, A mark detection system (ALG1 or ALG2) 
which detects a position of a mark on said substrate stage; suppose that it has further a 
control device which detects relative position relation of a projecting position of a pattern of 
said mask by said projection optical system, and said mark detection system using said space 
image metering device. In this case, relative position relation (namely, what is called the 
amount of baselines of a mark detection system) with a projecting position of a pattern of 
said mask by said projection optical system, i.e., an image formation position of a space 
image of said pattern, and a mark detection system is detected by a control device using a 
space image metering device. In this case, since a projecting position of a mask pattern is 
directly measurable with a space image metering device in Measurement Division of the 
amount of baselines, Compared with a case where a projecting position of a mask pattern is 
indirectly measured using a reference mark board and a reticle microscope, Measurement 
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Division of the high-precision amount of baselines is possible. Therefore, improvement in 
exposure precision is attained by improvement in superposition accuracy of a mask and a 
substrate by controlling a position of a substrate at the time of exposure, etc. using this 
amount of baselines. 
[0049] 

[Embodiment of the Invention]«A 1st embodiment» A 1st embodiment of this invention is 
hereafter described based on drawing 1 t hru/or drawing 34 . 

[0050]The rough composition of the exposure device 100 concerning a 1st embodiment is 
shown in drawing 1 . This exposure device 100 is the scanning projection aligner of a step and 
scanning method, i.e., what is called a scanning stepper. 

[0051 ]The illumination system 10 in which this exposure device 100 contains a light source 
and an illumination-light study system, the reticle stage RST holding the reticle R as a mask, 
It has projection optical system PL, a control system which holds the wafer W as a substrate 
and controls the wafer stage WST as a substrate stage movable free, and these for the 
inside of an XY plane, etc. 

[0052]said illumination system 10 is constituted including a reticle blind, a condenser lens 
system (any — drawing 1 — figures omitted — abbreviated), etc. as a light source, an 
illumination equalization optical system (a collimating lens, a fly eye lens, etc. are comprised), 
a relay lens system, and a lighting field diaphragm. 

[0053]As said light source, the excimer laser which outputs KrF excimer laser light 
(wavelength of 248 nm) or ArF excimer laser light (wavelength of 1 93 nm) shall be used as an 
example here. 

[0054]Said reticle blind comprises the movable reticle blind 12 (refer to a graphic display 
abbreviation and drawing 2 in drawing 1 ) variable in the fixed reticle blind and aperture shape 
which are not illustrated [ of immobilization of aperture shape ]. A fixed reticle blind is 
arranged in the field slightly defocused from the corrugate side over the pattern surface side 
of the reticle R, and the rectangular opening which specifies the illuminated field IAR of 
rectangle slit shape on the reticle R is formed. It is arranged in the conjugate side over the 
pattern surface side of the reticle R near the fixed reticle blind, and the movable reticle blind 
12 is a scanning direction at the time of scanning exposure (here). And it considers it as Y 
shaft orientations which are the space direction crossing at a right angle in drawing 1 , the 
position and width of a direction respectively corresponding to a non-scanning direction (X 
axial direction which is a space longitudinal direction in drawing 1 ) have a variable opening. 
[0055]According to the illumination system 10, after the illumination light (hereafter referred 
to as "illumination-light IL") as exposing light generated with the light source passes an 
unillustrated shutter, it is changed into the light flux in which illuminance distribution is 
almost uniform by an illumination equalization optical system. Illumination-light IL ejected 
from the illumination equalization optical system reaches said reticle blind via a relay lens 
system. The light flux which passed this reticle blind illuminates the illuminated field 
(illuminated field of the rectangle slit shape [ width / of elongation Y shaft orientations ] of 
prescribed width long and slender to an X axial direction) IAR of the reticle R which passed 
the relay lens system and the condenser lens system and on which the circuit pattern etc. 
were drawn with uniform illumination. 

[0056]The movable reticle blind 12 is controlled by the main control unit 20 at the time of 
the start of scanning exposure, and an end, and exposure of an unnecessary portion is 
prevented by restricting the illuminated field IAR further. The movable reticle blind 12 is used 
also for setting out of the illuminated field in the case of Measurement Division of the space 
image by the space image measuring instrument mentioned later in this embodiment. 
[0057]On said reticle stage RST, the reticle R is being fixed by vacuum absorption (or 
electrostatic adsorption), for example. Here the reticle stage RST by the reticle stage drive 
system which is not illustrated [ containing a linear motor etc. ]. While a very small drive is 
possible in two dimensions in an XY plane vertical to the optic axis AX of projection optical 
system PL mentioned later (to hand of cut (the direction of thetaz) of the circumference of 
the Z-axis which intersects perpendicularly with Y shaft orientations and the XY plane which 
intersect perpendicularly with an X axial direction and this), It is movable at the scan speed 
specified as Y shaft orientations in the unillustrated reticle base top. This reticle stage RST 
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has a moving stroke of Y shaft orientations where the whole surface of the reticle R can 
cross the optic axis AX of projection optical system PL at least. 

[0058]On the reticle stage RST, the moving mirror 15 which reflects the laser beam from the 
reticle laser interferometer (henceforth a "reticule interferometer") 13 is being fixed, By the 
reticule interferometer 13, the position within XY side of the reticle stage RST is always 
detected, for example with resolution of about 0.5-1 nm. On the reticle stage RST, the 
moving mirror which has a reflector which intersects perpendicularly with the moving mirror 
which has a reflector which intersects perpendicularly with the scanning direction at the time 
of scanning exposure (Y shaft orientations), and a non— scanning direction (X axial direction) 
is formed actually here, the reticule interferometer 13 — these are typically shown for biaxial 
************** to one axis and an X axial direction by drawing 1 as the moving mirror 15 
and the reticule interferometer 13 in Y shaft orientations. 

[0059]The position information on the reticle stage RST from the reticule interferometer 13, 
It is sent to the main control unit 20 which comprises a workstation (or microcomputer), and 
drive controlling of the reticle stage RST is carried out via a reticle stage drive system based 
on the position information on the reticle stage RST in the main control unit 20. 
[0060]Said projection optical system PL is arranged at the lower part in drawing 1 of the 
reticle stage RST, the direction of the optic axis AX is made into Z shaft orientations — here 
— a both-sides call — it is a centric reduction system and the dioptric system which 
comprises the lens element of two or more sheets arranged with the prescribed interval in 
accordance with the optic-axis AX direction is used. The projecting magnification of this 
projection optical system PL is one fifth as an example here. By for this reason, illumination- 
light IL which passed this reticle R when the slit shape illuminated field IAR on the reticle R 
was illuminated by illumination-light IL from the illumination system 10. The reduced image 
(partial inverted image) of the circuit pattern of the reticle R in the slit shape illuminated field 
IAR is formed in the exposure region [ conjugate / illuminated field / on the wafer W in which 
photoresist was applied to the surface / IAR / said ] 1A via projection optical system PL. 
[0061]Said wafer stage WST is driven free in XY two-dimensional side (thetaz rotation is 
included) by the wafer stage drive system which is not illustrated [ which comprises a 
magnetic levitation type two-dimensional linear actuator over the stage base 16 upper 
surface ]. Here, since the two-dimensional linear actuator has Z drive coil besides X drive 
coil and Y drive coil, the wafer stage WST has become also in the 3 flexibility directions of Z, 
thetax, and thetay with the composition which can be driven very small. 
[0062]The wafer holder 25 is laid on the wafer stage WST, and the wafer W is held by this 
wafer holder 25 by vacuum absorption (or electrostatic adsorption). 

[0063]ln using the two-dimensional moving stage which is replaced with the wafer stage WST 
and driven only in XY two-dimensional side by drive systems, such as a linear motor or a 
planar motor, What is necessary is just to carry the wafer holder 25 on the two-dimensional 
moving stage via Z and the leveling table by which a very small drive is carried out with a 
voice coil motor etc. in the 3 flexibility directions of Z, thetax, and thetay. 
[0064]With the wafer interferometer 31 which the moving mirror 27 which reflects the laser 
beam from the wafer laser interferometer (henceforth a "wafer interferometer") 31 was fixed 
on said wafer stage WST, and has been arranged outside. The position within XY side of the 
wafer stage WST is always detected with the resolution which is about 0.5-1 nm. 
[0065]Actually here on the wafer stage WST, The moving mirror which has a reflector which 
intersects perpendicularly with the moving mirror which has a reflector which intersects 
perpendicularly with Y shaft orientations which are scanning directions at the time of 
scanning exposure, and the X axial direction which is non-scanning directions is formed, and 
the wafer interferometer 31 in one axis and an X axial direction in Y shaft orientations biaxial 
************** ( These are typically shown by drawing 1 as the moving mirror 27 and the 
wafer interferometer 31. The position information on the wafer stage WST (or speed 
information) is sent to the main control unit 20, and controls the position within XY side of 
the wafer stage WST by the main control unit 20 via an unillustrated wafer stage drive 
system based on said position information (or speed information). 
[0066]On the wafer stage WST, the space image measuring instrument 59 used for 
Measurement Division of the imaging characteristic of projection optical system PL is 
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formed. Here, the composition of this space image measuring instrument 59 is explained in 
full detail. This space image measuring instrument 59 is formed in the projected part 58a 
portion in which the upper part established in the end part upper surface of the wafer stage 
WST carried out the opening, as shown in drawing 2 . This space image measuring instrument 
59 is formed in the light-receiving glass 82 of a plane view rectangle inserted in from the 
upper part in the state of plugging up the opening of the projected part 58a, and the upper 
surface of this light-receiving glass 82, The relay optical system which comprises the 
reflection film 83 which serves as the light-shielding film in which the slit 22 was formed in 
the part, and the lenses 84 and 86 arranged inside slit 22 lower-part wafer stage WST, The 
bending mirror 88 (here) which bends the optical path of the illumination luminous flux (image 
light bunch) relayed by this relay optical system (84, 86) by predetermined light path length 
And a light-receiving optical system is constituted by the lenses 84 and 86 and the mirror 
88, it is constituted including the photosensor 24 grade as an optoelectric transducer. 
[0067]As a raw material of said light-receiving glass 82, good synthetic quartz or fluorite of 
the permeability of KrF excimer laser light or ArF excimer laser light, etc. is used here. The 
optoelectric transducer which can detect a weak light with sufficient accuracy as the 
photosensor 24 (photo detector), for example, a photomultiplier etc., is used. In this 
embodiment, the slit plate is formed with the light-receiving glass 82 and the reflection film 
83. In the following explanation, the slit plate which comprises the light-receiving glass 82 
and the reflection film 83 shall be suitably called "the slit plate 90." Although the slit 22 is 
formed in the reflection film 83 like the above-mentioned, it explains as that by which the slit 
22 is formed below in the slit plate 90 for convenience. 

[0068]In the case of Measurement Division of the projection image (space image) which 
passes projection optical system PL of the pattern for Measurement Division formed in the 
reticle R mentioned later in this embodiment. If the slit plate 90 which constitutes the space 
image measuring instrument 59 by illumination-iight IL which has penetrated projection 
optical system PL is illuminated, Illumination-light IL which penetrated the slit 22 on the slit 
plate 90 is received with the photosensor 24 via the above-mentioned light-receiving optical 
system (84, 86, 88), and the photoelectric conversion signal (light intensity signal) P 
according to the light income is outputted to the main control unit 20 from this photosensor 
24. 

[0069]The photosensor 24 may arrange the photosensor 24 to the exterior of the wafer 
stage WST like space image measuring instrument 59' which does not necessarily need to 
provide in the inside of the wafer stage WST, for example, is shown in drawing 3 . In drawing 3 , 
the two heights 58a and 58b by which the upper surface was mostly used as the surface of 
the wafer W with the same side are formed in the wafer stage WST. The slit plate 90 
constituted like the case of drawing 2 is formed in the heights 58a, and the lenses 84 and 86 
and the mirror 88 are arranged by the same physical relationship as drawing 2 inside the 
wafer stage WST of this slit plate 90 lower part. In this case, the light guide 85 is also stored 
inside the wafer stage WST. This light guide 85 is arranged at the position [ corrugate / 
acceptance surface / in which the slit 22 was formed / incidence edge / 85a / that ]. the 
light transmission lens 87 with which the ejection end 85b of this light guide 85 was fixed to 
the upper surface of the heights 58b — it is arranged mostly just under. 
[0070]Above the light transmission lens 87, the light-receiving lens 89 of the m^jor diameter 
is arranged compared with this light transmission lens 87. The photosensor 24 is arranged at 
the upper ejection end 85b of this light-receiving lens 89, and the conjugate position. These 
light-receiving lens 89 and the photosensor 24 maintain the above-mentioned physical 
relationship, and are stored in the case 92, and this case 92 is being fixed to the unillustrated 
holddown member. 

[0071]In the case of Measurement Division of the projection image (space image) which 
passes projection optical system PL of the pattern for Measurement Division formed in the 
reticle R mentioned later in space image measuring instrument 59' of this drawing 3 . Lighting 
Sub-Division of the slit plate 90 which constitutes space image measuring instrument 59' by 
illumination-light IL which has penetrated projection optical system PL will enter in the 
incidence edge 85a of the light guide 85 illumination-light IL which penetrated the slit 22 on 
the slit plate 90 via the lens 84, the mirror 88, and the lens 86. After the light drawn by the 
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light guide 85 is ejected from the ejection end 85b, it is drawn by the exterior of the wafer 
stage WST via the light transmission lens 87. And the light drawn by the exterior of the wafer 
stage WST is received by the photosensor 24 via the light-receiving lens 89, and the 
photoelectric conversion signal (light intensity signal) P according to the light income is 
outputted to the main control unit 20 from this photosensor 24. 

[0072]In this case, since Measurement Division of the projection image of the pattern for 
Measurement Division is performed by the slit scan method, in that case, the light-receiving 
lens 89 and the photosensor 24 will move to the light transmission lens 87. So, in this space 
image measuring instrument 59', the size of each lens is set up so that all the lights through 
the light transmission lens 87 which moves within the limits of predetermined may enter into 
the light-receiving lens 89. 

[0073]Thus, in space image measuring instrument 59' with the slit plate 90, the lenses 84 and 
86, the mirror 88, the light guide 85, and the light transmission lens 87. The photoconductive 
appearance part which derives the light through the slit 22 outside the wafer stage WST is 
constituted, and the light sensing portion which receives the light drawn out of the wafer 
stage WST by the light-receiving lens 89 and the photosensor 24 is constituted. In this case, 
these photoconductive appearance part and the light sensing portion are separated 
mechanically. And only by facing space image Measurement Division, a photoconductive 
appearance part and a light sensing portion are optically connected via the light transmission 
lens 87 and the light-receiving lens 89. 

[0074]That is, in space image measuring instrument 59', since the photosensor 24 is formed 
in the prescribed position of the exterior of the wafer stage WST, it originates in generation 
of heat of the photosensor 24, and does not have an adverse effect on the measurement 
accuracy of the laser interferometer 31, etc. Since the exterior and the inside of the wafer 
stage WST are not connected by a light guide etc., the driving accuracy of the wafer stage 
WST is not damaged like [ when the exterior and the inside of the wafer stage WST are 
connected by the light guide ]. 

[0075]The space image instrumentation method performed using the space image measuring 
instruments 59 (or 59') of the slit 22 on the slit plate 90 which constitutes the space image 
measuring instrument 59 (or 590, such as shape and a size, and the instrumentation method 
of an imaging characteristic are explained in full detail behind. 

[0076]It returns to drawing 1 and off-axis alignment microscope ALG1 as a mark detection 
system which detects the alignment mark (alignment mark) on the wafer W is provided in the 
side of projection optical system PL. According to this embodiment, the alignment sensor of 
the FIA (Filed Image Alignment) system of an image processing method is used as this 
alignment microscope ALG1. This alignment microscope ALG1 is constituted including the 
light source 32 for alignment, the half mirror 34, the 1st object lens 36, the 2nd object lens 
38, and image sensor (CCD) 40 grade, as shown in drawing 2 . Here, the halogen lamp etc. 
which emit the broadband illumination light as the light source 32 are used. As shown in 
drawing 4 , in this alignment microscope ALGV by the illumination light from the light source 
32. The alignment mark Mw on the wafer W is illuminated via the half mirror 34 and the 1st 
object lens 36, and the catoptric light from the alignment mark portion is received with the 
image sensor 40 via the 1st object lens 36, the half mirror 34, and the 2nd object lens 38. 
Thereby, image formation of the light field image of the alignment mark Mw is carried out to 
the acceptance surface of an image sensor. And the photoelectric conversion signal 
corresponding to this light field image, i.e., the light intensity signal corresponding to the 
reflected figure of the ally man ** mark Mw, is supplied to the main control unit 20 from the 
image sensor 40. In the main control unit 20, while computing the position of the alignment 
mark Mw on the basis of the detecting center of alignment microscope ALG based on this 
light intensity signal, Based on the computed result and the position information on the wafer 
stage WST which is an output of the wafer interferometer 31 at that time, the coordinates 
position of the ally man ** mark Mw in the stage coordinate system specified with the optic 
axis of the wafer interferometer 31 is computed. 

[0077]In the exposure device 100 of this embodiment, as shown in drawing 1 , it has a light 
source by which turning on and off is controlled by the main control unit 20, The irradiation 
optical system 60a which irradiates with the image formation light flux for forming many 
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pinholes or the image of a slit towards the image formation face of projection optical system 
PL from an oblique direction to the optic axis AX, The multipoint focal position detection 
system (focus sensor) of the oblique incidence light type which comprises the light-receiving 
optical system 60b which receives the reflected light flux in the wafer W surface of those 
image formation light flux is provided. In the main control unit 20, when focus fluctuation 
arises in projection optical system PL, By controlling the inclination to the optic axis of the 
reflected light flux of the parallel plate within the light-receiving optical system 60b which is 
not illustrated, offset is given to a focal position detection system (60a, 60b) according to the 
focus fluctuation of projection optical system PL, and the calibration is performed. The 
detailed composition of the focal position detection system (60a, 60b) of this embodiment 
and same multipoint focal position detection system (focus sensor) is indicated by JP,H6- 
283403,A etc., for example. 

[0078]In the main control unit 20, at the time of the scanning exposure mentioned later, etc., 
the focal gap signal from the light-receiving optica! system 60b (defocus signal), For example, 
by controlling Z position, the amount of pitching (thetax rotation), and the amount of rolling 
(thetay rotation) of the wafer stage WST via an unillustrated wafer stage drive system so 
that a focal gap serves as zero based on S curve signals, Auto-focusing (automaticHbcusing 
doubling) and auto leveling are performed. 

[0079]Next, operation of the exposure process in the exposure device 100 of this 
embodiment is explained briefly. 

[0080]First, the reticle R is conveyed by an unillustrated reticle conveyance system, and 
adsorption maintenance is carried out in the reticle stage RST in a loading position. 
Subsequently, the position of the wafer stage WST and the reticle stage RST is controlled by 
the main control unit 20, Using the space image measuring instrument 59, as the projection 
image (space image) of the reticle alignment marks which are not illustrated [ which was 
formed on the reticle R ] mentions later, it is measured (refer to drawing 2 ), and the 
projecting position of a reticle pattern image is called for. That is, reticle alignment is 
performed. 

[0081]Next, the wafer stage WST is moved and the slit 22 which serves as a datum 
reference of the space image measuring instrument 59 by alignment optical system ALG1 is 
detected so that the space image measuring instrument 59 may be located directly under 
alignment microscope ALG1 with the main control unit 20. Signs that the slit 22 is detected 
by this alignment optical system ALG1 are shown in drawing 5 . In the main control unit 20, 
the detecting signal of this alignment microscope ALG1, and the measurement value of the 
wafer interferometer 31 at that time, And it asks for the relative position of baselines of the 
projecting position of the pattern image of the reticle R, and alignment optical system ALG1, 
i.e., the amount of alignment microscope ALG1, based on the projecting position of the reticle 
pattern image searched for previously. 

[0082]After this base line measurement is completed, by the main control unit 20, wafer 
alignment of EGA (enhanced global alignment) etc. which are indicated in detail is performed, 
for example to JP,S61-44429,A etc., and the position of all the shot regions on the wafer W 
is searched for. On the occasion of this wafer alignment, as the wafer alignment mark Mw of 
the predetermined sample shots as which it was beforehand determined of two or more shot 
regions on the wafer W mentioned above using alignment microscope ALG1, it is measured 
by carrying out (refer to drawing 2 ). 

[0083]Subsequently, monitoring the position information from the interferometers 31 and 13 
in the main control unit 20 based on the position information and the amount of baselines of 
each shot region on the wafer W for which it asked in the top. While positioning the wafer 
stage WST to the scan start position of the 1st shot region, the reticle stage RST is 
positioned to a scan start position, and scanning exposure of the 1st shot region is 
performed. 

[0084]Namely, if the relatively scan for Y shaft-orientations contrary to the reticle stage 
RST and the wafer stage WST is started and both the stages RSTWST reach each target 
scan speed in the main control unit 20, By exposing light EL, the pattern space of the reticle 
R begins to be illuminated and scanning exposure is started. Although luminescence of the 
light source is started in advance of the start of this scanning exposure, Since synchronous 
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control of the movement of each braid of the movable blind which constitutes a reticle blind 
with the main control unit 20 is carried out to movement of the reticle stage RST, it is the 
same as that of the usual scanning stepper that the exposure of exposing light EL to the 
outside of the pattern space on the reticle R is shaded. 

[0085]In the main control unit 20. Synchronous control of the reticle stage RST and the 
wafer stage WST is carried out so that the movement speed Vr of Y shaft orientations of the 
reticle stage RST and the movement speed Vw of the X axial direction of the wafer stage 
WST may be especially maintained by the velocity ratio according to the projecting 
magnification of projection optical system PL at the time of the above-mentioned scanning 
exposure. 

[0086]And the field where the pattern spaces of the reticle R differ is illuminated one by one 
by ultraviolet pulsed light, and when Lighting Sub-Division to the whole pattern space surface 
is completed, the scanning exposure of the 1st shot region on the wafer W is completed. 
Thereby, reduction transfer of the circuit pattern of the reticle R is carried out via projection 
optical system PL in the 1st shot region. 

[0087]In this way, an end of the scanning exposure of the 1st shot region will perform 
stepping operation between the shots which move the wafer stage WST to the scan start 
position of the 2nd shot region. And scanning exposure of the 2nd shot region is performed 
like ****. Henceforth, operation with the 3rd same shot region or subsequent ones is 
performed. 

[0088]Thus, the stepping operation between shots and scanning exposure operation of a shot 
are repeated, and the pattern of the reticle R is transferred by a step and scanning method 
by all the shot regions on the wafer W. 

[0089]the focus sensor (60a.) attached in one during the above-mentioned scanning 
exposure here at projection optical system PL The inclination to the interval of the wafer W 
surface and projection optical system PL (the image surface) and an XY plane (image 
surface) is measured by 60b, and the wafer stage WST is controlled so that the interval of 
the wafer W surface and projection optical system PL and parallelism always become fixed 
with the main control unit 20. 

[0090]By the way, in order to pile up correctly the pattern of the reticle R, and the pattern 

already formed in the shot region on the wafer W during the above-mentioned scanning 

exposure. It is important that the imaging characteristic and the amount of baselines of 

projection optical system PL are measured correctly, that the imaging characteristic of 

projection optical system PL is adjusted to the desired state, etc. 

[0091] According to this embodiment, the space image measuring instrument 59 or 

59' (hereafter, it represents and is described as "the space image measuring instrument 59") 

is used for Measurement Division of the above-mentioned imaging characteristic. Hereafter, 

the space image Measurement Division by this space image measuring instrument 59, 

Measurement Division of the imaging characteristic of projection optical system PL, etc. are 

explained in full detail. 

[0092]The state in the midst of the space image of the pattern for Measurement Division 
formed in the reticle R being measured using the space image measuring instrument 59 is 
shown in drawing 2 . As the reticle R, the thing only for space image Measurement Division or 
the thing which formed the mark for Measurement Division for exclusive use in the device 
reticle used for manufacture of a device is used. Instead of such reticles, the fixed mark 
board (called a reticle fiducial mark board) which comprises the glass material of reticle and 
same material may be formed in the reticle stage RST, and what formed the mark for 
Measurement Division (pattern for Measurement Division) in this mark board may be used. 
[0093]Here, as shown in drawing 2 , pattern PM for Measurement Division which changes from 
the line and space mark which has periodicity to an X axial direction shall be formed in a 
predetermined part at the reticle R. As sh own in drawing 6 (A), the slit 22 of prescribed width 
2D extended to Y shaft orientations shall be formed in the slit plate 90 of the space image 
measuring instrument 59. Below, a line and space is suitably sketched as "last shipment." 
[0094]In Measurement Division of a space image, the movable reticle blind 12 is driven via an 
unillustrated blind drive with the main control unit 20, and the illuminated field of illumination- 
light IL of the reticle R is specified only into the pattern PM portion for Measurement 
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Division (refer to drawing 2 ). In this state, if illumination-light IL is irradiated by the reticle R, 
as shown in drawing 2 , the light (illumination-light IL) diffracted and scattered about by 
pattern PM for Measurement Division will be refracted by projection optical system PL, and 
space image (projection image) PM' of pattern PM for Measurement Division will be formed in 
the image surface of this projection optical system PL. At this time, the wafer stage WST 
shall be set as the position by which said space image PM' is formed in the +X side (or the - 
X side) of the slit 22 on the slit plate 90 of the space image measuring instrument 59. The 
top view of the space image measuring instrument 59 at this time is shown in drawing 6 (A). 
[0095]And with the main control unit 20, as the wafer stage WST is shown by the arrow F in 
drawing 6 (A) via a wafer stage drive system, when it drives in the direction of +X, the slit 22 
is scanned by the X axial direction to space image PM'. During this scan, the light 
(illumination-light IL) which passes the slit 22 is received with the photosensor 24 via the 
light-receiving optical system (a photoconductive appearance part and a light-receiving lens 
when [ or ] it is drawing 3 ) in the wafer stage WST, and that photoelectric conversion signal 
is supplied at the main control unit 20. In the main control unit 20, the light intensity 
distribution corresponding to space image PM' is measured via an unillustrated signal- 
processing system based on the photoelectric conversion signal. 

[0096]An example of the photoelectric conversion signal (light intensity signal) P acquired in 
the case of above— mentioned space image Measurement Division is shown in drawing 6 (B). 
[0097]In this case, an image equalizes space image PM' under the influence of the width (2D) 
of the scanning direction (not the scanning direction at the time of scanning exposure but 
the scanning direction to the above— mentioned space image, i.e., an X axial direction) of the 
slit 22. 

[0098]Therefore, if intensity distribution of p(x) and a space image is made into i(x) and the 
light intensity signal observed is made into m(x), the relation between intensity distribution i 
(x) of a space image and strength signal m(x) observed can express a slit with the following 
(1) type. Let the unit of intensity distribution i(x) and strength signal m(x) be the intensity per 
unit length in this (1) type. 
[0099] 
[Equation 1] 

[01003 

[Equation 2] 



0(\x\>D) 



[0101]That is, strength signal m(x) observed becomes a convolution of SURITSU ** p(x) and 
intensity distribution i(x) of a space image. 

[0102]Therefore, from a field of measurement accuracy, width (it is only hereafter called "slit 
width") 2D of a scanning direction of a slit is so good that it is small. 

[0103]An artificer repeated various simulations, an experiment, etc. as the function f of the 
wavelength lambda of illuminationHight IL, and numerical aperture N A. of projection optical 
system PL (iambda/N.A), and performed slit width 2D. The result checked that it is practical 
enough, and it was more practical if it is especially n<=0.8, when it was considered as slit 
width 2D=n- (lambda/NA.) and was considered as the coefficient n<=1. Here, that it is 
practical means that there is little degradation of an image profile in the case of conversion 
of a space image -> space image strength signal, the big dynamic range becomes 
unnecessary at a signal-processing system after the photosensor 24 (optoelectric 
transducer), and sufficient accuracy is obtained. 

[0104]If an example of a result with the good above is shown, it will become as it is shown in 
the next table 1, for example. 
[0105] 
[Table 1] 
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[0106]As shown also in the above-mentioned table 1, sufficient slit width (opening size: B in 
Table 1) changes with a numerical aperture and wavelength, but 300 nm or less of outlines 
are suitable values. A slit of this level can be manufactured using commercial chromium 
reticle (called MASUKUBU Ranks.). 

[0107]As for chromium reticle, the chromium film of about 100-nm thickness is usually 
vapor-deposited by the quartz substrate. The thing of a quartz substrate of 2.286 mm, 3.048 
mm, 4.572 mm, and 6.35-mm thickness is standard. 

[0108]When using a photomultiplier as the photosensor 24 like **** like [ slit width 2D is so 
good that it is small, and ] this embodiment, if a scan speed is made late and many hours are 
spent on Measurement Division even if slit width becomes very small, detection of light 
volume (light intensity) is possible. However, since the scan speed at the time of space image 
Measurement Division has fixed restrictions from the field of a throughput actually, if slit 
width 2D is too small, the light volume which penetrates the slit 22 will become small too 
much, and Measurement Division will be difficult. 

[0109]According to the knowledge which the artificer acquired by the simulation, experiment, 
etc., it was checked that the optimum value of slit width 2D serves as a half grade of the 
resolution limit pitch (pitch of a last shipment pattern) of an exposure device. This is 
explained further in full detail later. 

[01 1 0]The space image metering device is constituted from this embodiment by the 
illumination-light study system 10, the space image measuring instrument 59 (the slit plate 
90 and the photosensor 24 are included), the wafer stage WST, and the main control unit 20 
so that clearly from old explanation. Among these, the processing unit which accomplishes 
some space image metering devices is constituted by the main control unit 20. 
[011 1]The space image metering device and space image instrumentation method which were 
mentioned above are used for detection of a. best focus positions, detection of the image 
formation position of b. pattern image, the base line measurement of c. alignment microscope 
ALG, etc. 

[0112]Since c. base line measurement in the exposure device 100 of this embodiment was 
already explained, detection of the above-mentioned a. best focus positions and detection of 
the image formation position of b. pattern image are explained hereafter, mixing working 
example. 

<Detection of best focus positions> Detection of these best focus positions is used for the 
purposes, such as detection of the best focus positions of A. projection optical system PL, 
detection of the best image formation face (image surface), and B. spherical aberration 
measurement, for example. 

[01 13]The result of the image formation simulation corresponding to the case where it 
measures with the space image instrumentation method which mentioned above the space 
image of the last shipment mark of the linewidth of 0.2 micrometer and 50% of a duty ratio is 
shown in drawing 7 - drawing 12 . The conditions of this simulation are the wavelength of 248 
nm of the illumination light, N.A=0.68 of a projection optical system, and coherence factor 
sigma=0.85 of Lighting Sub-Division, and are slit width 2D=0.3micrometer. This condition is 
close to the conditions of B of Table 1. In drawing 7 - drawing 1 2 , a horizontal axis shows X 
position (micrometer) of a slit, and a vertical axis shows light intensity (energy value). 
[0114] Drawing 7 shows the simulation result in the Beth ** focusing position. In this drawing 
7, waveform P2 shown as a solid line are equivalent to i(x) of (1) type by the space image of 
0.2micromL/S, and waveform P3 shown by a dotted line are equivalent to m(x) of (1) type 
with the light intensity signal acquired by the scan (space image Measurement Division) of a 
slit. 

[01 15] Drawing 8 shows the spatial frequency component at the time of carrying out the 
Fourier transform of the strength signal P3 of drawing 7 , i.e., m(x), with the original strength 
signal P3. In drawing 8 t waveform P7 waveform P6 waveform P5 waveform P4 shown with a 
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dashed line are indicated to be with a dashed dotted line in a zero-order frequency 
component are indicated to be with a two-dot chain line in a primary frequency component 
are indicated to be as a solid line in a secondary frequency component show the 3rd 
frequency component, respectively. By drawing 8 , in order to identify easily, P4-P7 pad only 
1 .0, and they are shown. 

[0116] Drawing 9 shows the simulation result at the time of defocusing 0.2 micrometer from 
best focus positions. In this drawing 9 , waveform P2 shown as a solid line are equivalent to i 
(x) of (1) type by the space image of 0.2micromL/S, and waveform P3 shown by a dotted line 
are equivalent to m(x) of (1) type with the light intensity signal acquired by the scan (space 
image Measurement Division) of a slit 

[0117] Drawing 10 shows the spatial frequency component at the time of carrying out the 
Fourier transform of the strength signal P3 of drawing 9 w ith the original strength signal P3. 
In drawing 10 , waveform P7 waveform P6 waveform P5 waveform P4 shown with a dashed 
line are indicated to be with a dashed dotted line in a zero-order frequency component are 
indicated to be with a two-dot chain line in a primary frequency component are indicated to 
be as a solid line in a secondary frequency component show the 3rd frequency component, 
respectively. By drawing 1 0 , in order to identify easily, P4-P7 pad only 1.0, and they are 
shown. 

[0118] Drawing 11 shows the simulation result at the time of defocusing 0.3 micrometer from 
best focus positions. In this drawing 1 1 , waveform P2 shown as a solid line are equivalent to i 
(x) of (1) type by the space image of 0.2micromL/S, and waveform P3 shown by a dotted line 
are equivalent to m(x) of (1) type with the light intensity signal acquired by the scan (space 
image Measurement Division) of a slit. 

[01 19] Drawing 12 shows the spatial frequency component at the time of carrying out the 
Fourier transform of the strength signal P3 of drawing 1 1 with the original strength signal P3. 
In drawing 1 2 , waveform P7 waveform P6 waveform P5 waveform P4 shown with a dashed 
line are indicated to be with a dashed dotted line in a zero-order frequency component are 
indicated to be with a two-dot chain line in a primary frequency component are indicated to 
be as a solid line in a secondary frequency component show the 3rd frequency component, 
respectively. By drawing 12 . in order to identify easily, P4-P7 pad only 1 .0, and they are 
shown. 

[0120]The shape of the image has collapsed clearly by 0.2-micrometer defocusing so that it 
may turn out that drawing 7 is compared with drawing 9 . When drawing 9 is compared with 
drawing 11 . it turns out that the shape of an image has collapsed further clearly with 
increase of a defocusing amount. 

[0121]As mentioned above, if the light intensity signal P3 is divided into a frequency 
component, various signal processing can be performed easily. For example, when its 
attention is paid to the contrast which is the gain of the primary frequency component P5 
and the zero-order frequency component P4, i.e., a (primary/zero-order) gain, the contrast in 
the case of the best focus positions shown in drawing 8 is 0.43. The contrast at the time of 
defocusing 0.2 micrometer from the best focus positions shown in drawing 10 is 0.24. The 
contrast at the time of defocusing 0.3 micrometer from the best focus positions shown in 
drawing 1 2 is 0.047. 

[0122]Thus, since the contrast which is a (primary/zero— order) gain changes with focusing 
positions sensitively, it is convenient to determine best focus positions from a strength 
signal. That is, best focus positions are detectable by asking for the focusing position where 
the contrast which is a (primary/zero-order) gain serves as the maximum. 
[0123]So, in this embodiment, the best focus positions of projection optical system PL are 
detected as follows. 

[0124]The reticle for Measurement Division (it is considered as reticle R' for convenience) in 
which the last shipment mark of the linewidth of 0.2 micrometer (it is 1 micrometer on 
reticle) and 50% of the duty ratio was formed as pattern PM for Measurement Division is 
used for detection of these best focus positions on a wafer, for example. Detection of these 
best focus positions shall be performed under the completely same conditions as the 
simulation mentioned above. 

[0125]First, reticle R' is loaded on the reticle stage RST by an unillustrated reticle loader. 
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Next, in the main control unit 20, pattern PM for Measurement Division on reticle fT moves in 
the reticle stage RST so that it may be mostly in agreement on the optic axis of projection 
optical system PL 

[0126]Next, with the main control unit 20, drive controlling of the movable reticle blind 12 is 
carried out and an illuminated field is specified so that illumination-light IL may be irradiated 
by only the pattern PM portion for Measurement Division. Reticle R' is irradiated with 
illumination-light IL, and in this state, a slit scan method performs space image Measurement 
Division of pattern PM for Measurement Division like the above-mentioned like the above- 
mentioned in the main control unit 20 using the space image measuring instrument 59, 
scanning the wafer stage WST to an X axial direction. Under the present circumstances, in 
the main control unit 20, a multiple-times repetition and the light intensity signal 
(photoelectric conversion signal) of each time are memorized to an internal memory, 
changing the position (namely, Z position of the wafer stage WST) of Z shaft orientations of 
the slit plate 90. 

[0127]And in the main control unit 20, the Fourier transform of two or more light intensity 
signals (photoelectric conversion signal) acquired by said repetition is carried out, 
respectively, and the contrast which is a gain of each primary frequency component and 
zero-order frequency component is searched for. And in the main control unit 20, that 
contrast detects Z position (namely, position of Z shaft orientations of the slit plate 90) of 
the wafer stage WST corresponding to the light intensity signal used as the maximum, and 
determines this position as best focus positions of projection optical system PL Since 
contrast changes sensitively like the above-mentioned according to a focusing position 
(defocusing amount), the best focus positions of projection optical system PL are often 
[ accuracy ] and easily measurable (determination). 

[01 28] Although the amplitude of the frequency component of the secondary high order more 
than degree is generally small and amplitude to an electric noise and an optical noise may 
fully be unable to be taken, In being satisfactory in respect of a S/N ratio (a signal/noise), 
even if it observes change of the gain of a high order frequency component, it can ask for 
best focus positions. Although it is desirable for a linewidth and space width to be the 
patterns which are 50% of equal duty ratios as for the last shipment mark which is a pattern 
for Measurement Division, it is also possible to use the mark of the other duty ratio. 
According to the knowledge which the artificer acquired as a result of the experiment etc., 
when the array cycle of the line pattern of a last shipment mark, i.e., mark pitch P M , was the 

following (3) type grade, it became clear that a good result was obtained. 
[0129] 

P M =lambda/N.A.x (1-1.2) — (3) 

Detection of best focus positions is possible not only by the method of using the contrast 
mentioned above but the technique of detecting Z position (focusing position) from which the 
differential value of the light intensity signal P (m(x) of (1) type) serves as the maximum. 
[0130]Detection of the image surface shape of projection optical system PL can be 
performed as follows. 

[0131]That is, when detecting this image surface shape, as shown in drawing 13 as an 
example, the reticle R1 for Measurement Division by which pattern PM 1for Measurement Division 

of pattern PM for Measurement Division and the identical size same synchronization which 
were mentioned above - PM n were formed in pattern space PA is used. 

[0132]First, the reticle R1 is loaded on the reticle stage RST by an unillustrated reticle 
loader. Next, in the main control unit 20, pattern PM k for Measurement Division which exists 

in the center of the reticle R1 moves in the reticle stage RST so that it may be mostly in 
agreement on the optic axis of projection optical system PL. Next, with the main control unit 
20, drive controlling of the movable reticle blind 12 is carried out, and an illuminated field is 
specified so that illumination-light IL may be irradiated by only the pattern PM t portion for 

Measurement Division. In this state, the reticle R1 is irradiated with illumination-light IL in 
the main control unit 20, Like the above— mentioned, a slit scan method detects space image 
Measurement Division of pattern PM 1 for Measurement Division, and the best focus positions 
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of projection optical system PL using the space image measuring instrument 59, and the 
result is memorized to an internal memory. 

[0133]With the main control unit 20, after detection of the best focus positions using pattern 
PM 1 for Measurement Division is completed, drive controlling of the movable reticle blind 12 

is carried out, and an illuminated field is specified so that illumination-light IL may be 
irradiated by only the pattern PM 2 portion for Measurement Division. In this state, like the 

above, a slit scan method detects space image Measurement Division of pattern PM 2 for 

Measurement Division, and the best focus positions of projection optical system PL, and that 
result is memorized to an internal memory. 

[0134]Henceforth, in the main control unit 20, changing an illuminated field, like the above, 
Measurement Division of a space image and detection of the best focus positions of 
projection optical system PL are repeated, and are performed about pattern PM 3for 

— DM 

Measurement Division n" 

[01 35]The image surface shape of projection optical system PL is computed each best- 
focus-positions Z 1 obtained by this, Z 2 , by performing a predetermined statistical 

procedure based on Z n . 

[0136]Since it is a field which comprises a set of the best focal point in the countless point 
(namely, countless point that the so-called height of an image differs) that the distance from 
an optic axis differs, the image surface, i.e., best image formation face, of projection optical 
system PL, it can ask for image surface shape easily and correctly with such a technique. 
[0137]The above can perform the detection of the best focus positions of A. projection 
optical system PL and the detection of the best image formation face (image surface) which 
were mentioned above. 

[0138]Detection of the spherical aberration of projection optical system PL can be 
performed as follows. 

[0139]That is, when detecting this spherical aberration, as shown in drawing 14 , the reticle 
R2 for Measurement Division of the X axial direction in pattern space PA by which pattern 
PMof two prescribed distance ****** j f or Measurement Division and PM2 were mostly 
formed in Y shaft orientations in the center is used, for example. Pattern PM1 for 
Measurement Division is the last shipment pattern of pattern PM for Measurement Division, 
and an identical size same synchronization mentioned above. Pattern PM2 for Measurement 
Division is the last shipment pattern located in a line with the X axial direction the cycle (for 
example, about 1.5 to 2 times of the cycle (mark pitch) of pattern PM1 for Measurement 
Division) from which the pattern for Measurement Division and the line pattern of an identical 
size differ. 

[0140]First, the reticle R2 is loaded on the reticle stage RST by an unillustrated reticle 
loader. Next in the main control unit 20, pattern PM1 for Measurement Division on the 
reticle R2 moves in the reticle stage RST so that it may be mostly in agreement on the optic 
axis of projection optical system PL Next, with the main control unit 20, drive controlling of 
the movable reticle blind 12 is carried out, and an illuminated field is specified so that 
illumination-light IL may be irradiated by only pattern PM1 portion for Measurement Division. 
In this state, the reticle R2 is irradiated with illumination-light IL in the main control unit 20, 
Like the above-mentioned, a slit scan method detects space image Measurement Division of 
pattern PM1 for Measurement Division, and the best focus positions of projection optical 
system PL using the space image measuring instrument 59, and the result is memorized to 
an internal memory. 

[0141]In the main control unit 20, an end of detection of the best focus positions using 
pattern PM1 for Measurement Division will carry out prescribed distance movement of the 
reticle stage RST in the direction of -Y so that illumination-light IL may be irradiated by 
pattern PM2 portion for Measurement Division. In this state, like the above, a slit scan 
method detects space image Measurement Division of pattern PM2 for Measurement 
Division, and the best focus positions of projection optical system PL, and that result is 
memorized to an internal memory. 

[0142]Based on the difference of each best-focus-positions Z 1 and Z 2 which were obtained 
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by this, the spherical aberration of projection optical system PL is computed by an operation. 

[0143]A spherical aberration is one of the aperture aberration of an optical system, and when 
a bundle of rays with various openings from the object point on an optic axis enters into an 
optical system, it is a phenomenon in which the corresponding image point does not carry 
out image formation to one point. Therefore, detection of the best focus positions in the 
optic axis of a projection optical system can be repeatedly performed about two or more last 
shipment patterns of a different pitch, and a spherical aberration can be easily searched for 
by an operation based on the difference of the best focus positions corresponding to each 
pattern. The accuracy of measurement of the difference of the best focus positions in this 
case needs to be about 3sigma<20nm practically. 

[01 44]<Detection of the image formation position of a pattern image> Detection of the image 
formation position of a pattern image is performed for each purpose of the magnification of 

C. projection optical system and distortion measurement, coma aberration measurement of 

D. projection optical system, and E. Lighting Sub-Division TERESEN measurement. 
[0145]The pattern for Measurement Division (mark used as the candidate for Measurement 
Division) varies with the purpose. If it classifies, it will become as it is shown in the next table 
2. Since it is desirable for the measuring result of the imaging characteristic of a projection 
optical system based on space image Measurement Division to be fundamentally in 
agreement with the measuring result of the imaging characteristic by the burning method 
mentioned above here, the mark for space image Measurement Division (pattern for space 
image Measurement Division) is shown by Table 2 with the mark for baking Measurement 
Division. 

[0146] 
[Table 2] 











Box in Box Mark «> 


Box In Box Mark * 




Line in Box Mark % 


Line In Box Mark * 
L/S^?— rfc/JvL/SV— o 




Box in Box Mark „ 


Box in Box Mark „ 

rfcL/sv— $ 



[0147]Next, the magnification of projection optical system PL and distortion measurement 
are explained. The magnification of this projection optical system PL and distortion 
measurement are faced, For example, as shown in drawing 15, the reticle R3 for 
Measurement Division in which pattern BM 1for Measurement Division which changes from the 

square marks of the 1 50-micrometer angle (it is a 30-micrometer angle on a wafer surface at 
the projecting magnification 1/5) of a total of five pieces to the central part of pattern space 
PA and the portion of four angles - BM 5 were formed is used. On the slit plate 90 which 

constitutes the space image measuring instrument 59 in this case, While the slit 22a of the 
prescribed width W and length L which are extended to an X axial direction as shown in 
drawing 1 6 , and the slit 22b of the prescribed width W and length L which are extended to Y 
shaft orientations are formed, Suppose that light-receiving is also possible the light which 
penetrated any of the slits 22a and 22b with the internal light-receiving optical system and 
the photosensor 24 (or the photoconductive appearance part and light sensing portion of 
drawing 3 ) of the wafer stage WST. Here, W is 0.3 micrometer and L is 25 micrometers. 
[0148]First, the reticle R3 is loaded on the reticle stage RST by an unillustrated reticle 
loader. Next, in the main control unit 20, the center of pattern BM 1 for Measurement Division 

which exists in the center of the reticle R3 moves in the reticle stage RST so that it may be 
mostly in agreement on the optic axis of projection optical system PL Next, with the main 
control unit 20, drive controlling of the movable reticle blind 12 is carried out, and an 
illuminated field is specified so that only the rectangular area portion in which illumination- 
light IL is somewhat larger than pattern BM^ for Measurement Division containing pattern 

BMj for Measurement Division may glare. In this state, the reticle R3 is irradiated with 

illumination-light IL in the main control unit 20. Thereby, as shown in drawing 16 , the pattern 
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image of the shape of a square of space image BM^ of pattern BM 1 for Measurement 
Division, i.e., an about 30micro angle, is formed. 

[0149]In this state, in the main control unit 20, space image Measurement Division of pattern 
PM 1 for Measurement Division is performed using the space image measuring instrument 59, 

scanning the wafer stage WST to an X axial direction, as shown to drawing 16 by the arrow 
A, and light intensity signal m(x) obtained by that Measurement Division is memorized in a 
memory. Next, in the main control unit 20, it asks for the image formation position of pattern 
PM 1 for Measurement Division with the technique of publicly known phase detection based 

on obtained light intensity signal m(x). The primary frequency component produced by 
carrying out the Fourier transform of light intensity signal m(x) as the technique of this phase 
detection here, for example (this) a sine wave — it can regard — while asking for the sum 
for a product with the sine wave used as the same standard of frequency as this, for 
example, one cycle, it asks for the sum for a product with the cosine wave used as said 
primary frequency component, this, and the standard of a same synchronization, for example, 
one cycle. And the general method of searching for the phase contrast over the reference 
signal of a primary frequency component, and asking for X position x 1of pattern PM for 

Measurement Division kased on *-h\s phase contrast can be used by asking for the arc tangent 

(arc tangent) of the quotient produced by doing division of the obtained sums. 
[0150]Next, in the main control unit 20, space image Measurement Division of pattern PM t 

for Measurement Division is performed using the space image measuring instrument 59, 
scanning the wafer stage WST to Y shaft orientations, and the light intensity signal m (y) 
acquired by the Measurement Division is memorized in a memory. And it asks for Y position 

Vlof pattern PM 1 for Measurement Division with the technique of the same phase detection as the 

above. And in the main control unit 20, the position gap to the optical axis center of the 
reticle R3 is amended based on the coordinate value (x^ y^) of obtained pattern PM 1 for 

Measurement Division. 

[0151]With the main control unit 20, after amendment of a position gap of the above- 
mentioned reticle R3 is completed, drive controlling of the movable reticle blind 12 is carried 
out, and an illuminated field is specified so that only the rectangular area portion in which 
illumination-light IL is somewhat larger than pattern BM 2 for Measurement Division 

containing pattern BM 2 for Measurement Division may glare. In this state, like the above, a 

slit scan method performs space image Measurement Division of pattern BM 2 for 

Measurement Division, and Measurement Division of that XY position, and that result is 
memorized to an internal memory. 

[0152]Henceforth, in the main control unit 20, changing an illuminated field, like the above, 
Measurement Division of a space image and Measurement Division of an XY position are 
repeated, and are performed about pattern BM 3for Measurement Div[sion -BM 5 . 

[0153]Based on the coordinate value (x 2 , y 2 ) of pattern BM 2for Measurement Divisjon obtained 

by this - BM 5 , (x 3 , y 3 ), (x 4 , y 4 ), and (x 5 , y 5 ), by performing a predetermined operation, At least 

the magnification of projection optical system PL and one side of distortion are computed. 
[0154]Distortion is the aberration of projection optical system PL which becomes the image 
at which what should become a straight line essentially around in an image field turned, like 
the case where there is a magnification error by this distortion, a pattern image shifts from 
the position on the image surface, and image formation (carrying out a strike slip) is carried 
out. 

[01 55]Therefore, according to the instrumentation method of the magnification mentioned 
above and distortion, a position gap of the space image of each pattern for Measurement 
Division projected on a different position in the image field of projection optical system PL 
with the technique of phase detection. Since it can ask with respectively sufficient accuracy, 
either [ at least ] distortion or magnification is measurable with sufficient accuracy as a 
result. 
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[01 56] However, in pattern image BM n ' (n= 1, 2 5) of a single 30-micrometer angle, even if 

it carries out a slit scan, there is only two edge of the image and measurement accuracy may 
not be acquired enough. (In such a case, the big last shipment pattern which is a grade which 
does not almost have being influenced by a coma aberration, for example, a last shipment 
pattern with a linewidth of not less than 5 micrometers, (this space image)) The pattern for 
Measurement Division (it is called "CM^CMg" for convenience) which comprises becoming a 

last shipment pattern image with a linewidth of 1 micrometer should just use the reticle 
replaced with and formed in pattern BM 1for Measurement Division " BM 5 . When performing space 

image Measurement Division using such reticle, the state where space image CM n ' (n= 1 , 2, 
....5) of the pattern CM 1for Measurement Djvjsjon - CM 5 was formed on the slit plate 90 is shown 
in drawing 1 7 . 

[0157]ln a top, with the technique of phase detection, although a position gap of the space 
image of the pattern for Measurement Division shall be measured, Space image Measurement 
Division of a slit scan method is repeatedly performed not only like this but like the above- 
mentioned about the space image (BM n ' or CM n ') of the pattern for Measurement Division 

(BM n or CM n ) projected on a different position in the image field of projection optical system 

PL, two or more light intensity signal m(x) (photoelectric conversion signal) obtained by the 
repetition — the position (position of edge) of the space image (BM n ' or CM n ') corresponding 

to each photoelectric conversion signal being computed, respectively, and based on the 
intersection of each and predetermined slice level, It is good also as asking for at least the 
distortion of projection optical system PL, and one side of magnification based on this 
computed result In this case, the position of the space image (BM n ' or CM n ') projected on a 

different position in the image field of projection optical system PL by the technique of edge 
detection in which the slice method was used can be searched for with respectively 
sufficient accuracy, Either [ at least ] distortion or magnification is measurable with sufficient 
accuracy as a result. In this case, each light intensity signal is binary-ized with the set-up 
slice level, and when setting out of that slice level is appropriate, it becomes equivalent to 
measuring the edge position of the resist image actually acquired by baking so that it can 
imagine, for example from the relation between waveform P2 of drawing 7 , and P3. 
[0158]By the way, in the present exposure device, management of the distortion 
(magnification is included) of a projection optical system is performed as follows using the 
standard wafer. After transferring the outer BOX mark of a 30-micrometer angle in the 
exposure region by a projection optical system with a standard wafer here, it etches through 
a developing process and the position of the edge of an outer BOX mark is beforehand 
measured with an interference-of-light-wave type coordinate measuring machine etc. after 
the etching. And the resist image of the inner BOX mark of a 10-micrometer angle is printed 
on the center of the outer BOX mark of the 30-micrometer angle etched at the time of 
distortion Measurement Division of an exposure device, and a relative position is measured 
with a registration measuring instrument etc. 

[0159]Therefore, if distortion Measurement Division is performed by detecting the space 
image of the BOX mark of a 10-micrometer angle with the technique of edge detection on a 
wafer (on the image surface), it will become equivalent to the time of distortion Measurement 
Division of the above [ the influence of a coma aberration ] using a standard wafer, and a 
relative difference will not occur. For this reason, distortion can be measured now from a 
space image in accuracy (accuracy) equivalent to the distortion Measurement Division using 
the above-mentioned standard wafer. 

[0160]In order to realize this, it is possible to form the inner BOX mark of a 50-micrometer 
angle (wafer top 10-micrometer angle) in the device reticle mentioned above or a reticle 
fiducial mark board. However, in the latest CMP process, since dishing arises, it is not put 
into the mark of a wafer top 10-micrometer angle. 

[0161]Then, the artifi cer reached Conclusion that what is necessary is just to perform space 
image Measurement Division using the mark (it is hereafter called a "false BOX mark" 
suitably) which subdivided the non-measurement direction (it is not necessary to be 10 
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micrometers) of the BOX mark of a wafer top 1 O-micrometer angle in stripe shape, as a 
result of inquiring wholeheartedly. If a false BOX mark is a so-called kind of a last shipment 
pattern, the Reason scans a space image measuring instrument in the direction vertical to 
the period directions and a slit scan method performs space image Measurement Division, 
The signal wave form obtained is because the signal wave form obtained from the space 
image of a BOX mark and the same signal wave form are obtained. 
[0162]An artificer replaces with pattern BM 1for Measurement Division of the reticle R3 for 

Measurement Division shown in drawing 15- BM g , Reticle R3' for Measurement Division in 

which the false box pattern which subdivided the pattern for Measurement Division in stripe 
shape about the direction of X was formed is used, As a result of performing distortion 
Measurement Division of projection optical system PL by the technique of edge detection in 
the same procedure as the above-mentioned, becoming a value equivalent to Y position of 
pattern BM n for Measurement Division as a Y position of each pattern for Measurement 

Division was checked. The reticle for Measurement Division etc. in which the false box 
pattern subdivided about the direction of Y from this and the false box pattern subdivided 
about the direction of X were formed are prepared, Distortion Measurement Division can be 
performed by carrying out the relatively scan of each pattern for Measurement Division to 
the slits 22a and 22b. 

[0163]An example of the mark block (300-micrometer angle) in which the false box pattern 
subdivided about the direction of Y mentioned above, the false box pattern subdivided about 
the direction of X, and the pattern for other Measurement Division were formed is shown in 
drawing 1 8 . In this drawing 18 , numerals MM1 and MM2, For example, it is a magnification 
Measurement Division pattern which comprises the 5micromL/S mark of five, numerals MM3 
and MM4 are focal Measurement Division patterns which comprise the 1micromL/S mark of 
29, for example, and numerals MM5 and MM6 are false box patterns which comprise the 
2.5micromL/S mark of 11, for example. The mark block of this drawing 18 is formed in device 
reticle or a reticle fiducial mark board, for example. Below the 2.5micromL/S grade (wafer top 
0.5micromL/S grade) of subdivision of a false box pattern is desirable, for example. 
[0164]Next, the instrumentation method of the coma aberration of a projection optical 
system is explained. The 1st way Measurement Division of a coma aberration uses a last 
shipment mark as a pattern for Measurement Division, and the 2nd method of using a Line in 
Box mark as a pattern for Measurement Division are mentioned typically. 
[0165](The 1st method) When measuring a coma aberration by the burning method, the 
method of using the line width abnormal value of the small last shipment mark image near a 
resolution limit is known. Here, a line width abnormal value is a value used as the index 
showing the unsymmetrical degree of the resist image formed by baking. For example, if it 
explains taking the case of the resist image of the 0.2micromL/S mark (designed value) 
shown in drawing 19 , the line width abnormal value A will be defined like the following (4) 
types using the line width L1 of the line pattern of both ends, and L5. 
[0166] 
[Equation 3] 

£1+15 

[0167]A is performance where less than 3% is usually wished to a projection optical system 
(projection lens). 

[0168]AIso in space image Measurement Division, direct measuring of the line width abnormal 
value of such a last shipment pattern image can be carried out. In this case, although what is 
necessary is just to use the technique of edge detection by a slice method explained 
previously, It is desirable to determine the threshold as slice level by being in charge of 
determination of slice level, binary-izing a light intensity signal corresponding to a space 
image with a suitable threshold (threshold level), and performing an easy resist image 
simulation of bringing close to line width of a resist image. 

[0169]Hereafter, an instrumentation method of a coma aberration by Measurement Division 
of this line width abnormal value is explained. As shown, for example in drawing 20 , the reticle 
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R4 for Measurement Division by which pattern DM 1for Measurement Division - DM fi were formed 

in a total of five places of the center of pattern space PA and a portion of four angles is 
used for Measurement Division of this coma aberration. As pattern DM.r ~. . 

^ ifor Measurement Division 

-DM 5 , a last shipment pattern which has periodicity is used for an X axial direction of 50% of 

a duty ratio with a linewidth of 1 micrometer (it is 0.2 micrometer on a wafer surface). 
Composition of the slit plate 90 which constitutes the space image measuring instrument 59 
in this case, and the space image measuring instrument 59 has the same composition as the 
time of magnification and distortion Measurement Division mentioned above. 
[0170]In this case, in the main control unit 20, in the same procedure as the time of 
magnification and distortion Measurement Division mentioned above, reticle alignment and 
space image Measurement Division are performed, and light intensity signal m(x) 
corresponding to a space image (it is considered as DM 2 ' - DM 5 ') of pattern DM 2for 

Measurement Division " DM 5 is Stained. 

[0171]And it asks for an intersection of each of this obtained light intensity signal m(x) and 
predetermined slice level, respectively, It asks for a linewidth of each line about each of 
space image DM 2 - DM 5 ' from an X coordinate of that called-for intersection, and based on 

this linewidth, each line width abnormal value is computed based on (4) types, and a coma 
aberration of projection optical system PL is searched for based on this computed result. 
[0172]A coma aberration is the aberration of a lens by magnifications differing by various 
zona orbicularis of a lens, and is produced into a portion which is separated from a principal 
axis in an image field of projection optical system PL Therefore, in a position which is 
separated from an optic axis, line width of each line pattern will differ among space images of 
a last shipment pattern according to a coma aberration. Therefore, according to the 
described method which detects a line width abnormal value of each line pattern with the 
technique of edge detection using a slice method, it becomes possible to measure a coma 
aberration often [ accuracy ] and easily. 

[0173]Since each pattern DM 1for Measurement Dlvision - DM 5 are the independent last shipment 

patterns containing five line patterns, when measurement accuracy of a line width abnormal 
value is insufficient, A compound mark pattern in which two or more five last shipment 
patterns constructed, and have been arranged with a given period as each pattern for 
Measurement Division may be used as each pattern for Measurement Division. When such a 
compound mark pattern is used as a pattern for Measurement Division (referred to as EM), 
signs that space image EM' of pattern EM for Measurement Division was formed on the slit 
plate 90 are shown in drawing 21 . 

[0174]This space image EM' is provided with the following. 

The frequency component (the 1st fundamental frequency component) f1 of the 0.4- 
micrometer pitch corresponding to [ as shown in drawing 22 ] a pitch of each line pattern of 
two fundamental frequency components, i.e., a photoelectric conversion signal, 
every — the 2nd fundamental frequency component corresponding to width of the whole L/S 
pattern, i.e., here, — every — the frequency component f2 corresponding to the 3.6- 
micrometer pitch which is a repeating cycle (disposing pitch of a mark group who consists of 
a mark of five) of a L/S pattern. 

[0175]Therefore, like the above-mentioned in the main control unit 20. In the same 
procedure as the time of magnification and distortion Measurement Division mentioned 
above, reticle alignment, When space image Measurement Division is performed and light 
intensity signal m(x) corresponding to a space image (it is considered as EM 2 - EM 5 ') of 

pattern EM 2for Measurement Division - EM 5 is obtained, and the 1st fundamental frequency 

component of each light intensity signal, It is good also as computing with the technique of 
phase detection in which phase contrast with the 2nd fundamental frequency component was 
mentioned above, and searching for a coma aberration of projection optical system PL based 
on this computed result. 

[0176]Since it is greatly influenced by a coma aberration so that width of a scanning 
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direction of a pattern which is the target of space image Measurement Division is narrow, 
Influence of a coma aberration on a space image of each line pattern of a last shipment 
pattern and influence of a coma aberration on a space image of the pattern at the time of 
putting the whole last shipment pattern at one pattern are different Therefore, the 1st 
fundamental frequency component corresponding to a pitch of each line pattern of a 
photoelectric conversion signal, Phase contrast with the 2nd fundamental frequency 
component corresponding to width of the whole last shipment pattern is computed, and 
according to the described method which searches for a coma aberration of a projection 
optical system based on this computed result, a coma aberration of projection optical system 
PL can be searched for with sufficient accuracy with the technique of phase detection. As 
for a ratio of a disposing pitch (upper example 3.6 micrometers) of a mark group who 
consists of a disposing pitch (upper example 0.4 micrometer) of a mark, and a mark of five in 
this case, it is desirable from signal processing to consider it as an integral multiple. 
[0177](The 2nd method), next the 2nd measuring method of a coma aberration are explained. 
In this method, as shown in drawing 23 ( A), the reticle R5 for Measurement Division by which 
pattern FM 1for Measurement Division - FM 5 were formed in a total of five places of a center in 

pattern space PA and a portion of four angles is used. A mark pattern called Line in Box 
Mark as shown in drawing 23 (B) by expanding as pattern FMfor Measurement Division (n= 

1, 2, 5) is used. This mark pattern is a mark pattern in which one side is the same mind 

inside a square pattern of D1 (for example, D1=150micrometer), and a space pattern (width 
D3) of a square of D2 (for example, D2=100micrometer) was formed for one side, as shown in 
drawing 23 (B). If this pattern FM n for Measurement Division is printed on a wafer and 

developed, a striation of a 20-micrometer angle will be simultaneously formed in the center 
of a resist remnants mark of a 30-micrometer angle. As for a striation, it is desirable to 
consider it as (wavelength / N.A.) / about [ less than 2 ] thickness, therefore, as for D3, it is 
desirable to consider it as the about 5 or less times. For example, D3 shall be 0.5 
micrometer. 

[0178]Since a strike slip will be larger than a thick line and a direction of a small-gage wire 
will occur if image formation of this pattern FM p for mark Measurement Division is carried 

out by a projection optical system with a coma aberration, a striation carries out eccentricity 
and symmetry collapses. Therefore, influence of a coma aberration can be known by 
measuring a grade of a way that eccentricity of the striation, i.e., symmetry, collapses. 
[0179]Composition of the slit plate 90 which constitutes the space image measuring 
instrument 59 in this case, and the space image measuring instrument 59 has the same 
composition as the time of magnification and distortion Measurement Division mentioned 
above. 

[0180]So, in the main control unit 20, in the same procedure as the time of magnification and 
distortion Measurement Division mentioned above, reticle alignment and space image 
Measurement Division are performed, and light intensity signal m(x) corresponding to a space 
image (it is considered as FM 2 ' - FM 5 ') of pattern FM 2for Measurement Division - FM 5 is 

obtained. 

[0181]And based on an intersection of each light intensity signal and predetermined slice 
level, a gap of the symmetry of space image FM 2 ' of a pattern for Measurement Division - 

FM 5 ' is computed, and a coma aberration of projection optical system PL is searched for 

based on this computed result. 

[0182]Thus, according to the described method which computes a gap of the symmetry of a 
space image of pattern FM 2for Measurement Divlsion - FM 5 , and searches for a coma aberration 

of projection optical system PL with the technique of edge detection using a slice method 
based on the computed result. A coma aberration of projection optical system PL can be 
searched for with sufficient accuracy. 

[0183]It thinks, also when SURITSU ** of a non-measurement direction interferes with a 
space image on arrangement of the slits 22a and 22b on the slit plate 90 in the above- 
mentioned case. Replace with the above-mentioned mark FM n for Measurement Division, and 
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In such a case, for example, a thick line pattern with a line width of about 50 micrometers, 
For example, a thin line pattern with a line width of about 0.5-0.75 micrometer may use a 
symmetrical one-dimensional mark located in a line with a measurement direction with a 
prescribed interval (for example, about 50 micrometers) as a pattern for Measurement 
Division. 

[0184]The state where space image GM n ' of such a pattern for Measurement Division (it is 

considered as GM p ) was formed on the slit plate 90 is shown in drawing 24 . In this drawing 

24, D4 is 10 micrometers and D5 is 0.1-0.15 micrometer. A coma aberration of projection 
optical system PL may be detected by detecting by a method of edge detection by a slice 
method which mentioned above a light intensity signal corresponding to such space image 
GM n '. 

[0185]As a result of carrying out the position gap of the space image of a line pattern with 
thin width of a scanning direction (measurement direction) greatly under the influence of a 
coma aberration, like a pattern for Measurement Division (GM n ), As for a space image of a 

symmetrical mark pattern which has two or more kinds of line patterns in which line width 
arranged with a prescribed interval in the direction corresponding to a scanning direction 
differs, the symmetry shifts greatly, so that a coma aberration is large. 
[0186]Therefore, according to a method of detecting a gap of the symmetry of above- 
mentioned space image GM n ', a coma aberration of projection optical system PL is 

detectable with sufficient accuracy. 

[0187]Of course, in order to improve the Measurement Division reproducibility also in this 
case, it is good also as detecting space image HM' of a pattern for Measurement Division like 
drawing 25 by which repetition arrangement was carried out. 
[0188]Next, a measuring method of Lighting Sub-Division TERESEN is explained. 
[0189]An image position measures quantity which changes with defocusing, and Lighting 
Sub-Division TERESEN is determined. As a pattern for Measurement Division, influence of a 
coma aberration is influenced and twisted like magnification and De Dis **-SHON 
measurement, and a big mark pattern is used. When it burns and is based on the ** method, 
Boxin Box Mark or a large last shipment mark is used, and they are three points, best focus 
positions, a defocusing position which is about +1 micrometer, and a defocusing position 
which is about -1 micrometer, It exposes, respectively, relation between an image position 
and a focusing position is measured, and calculating Lighting Sub-Division TERESEN (= (the 
amount of strike slips / defocusing amount of an image)) is performed. 
[0190]lnfluence of a coma aberration is influenced and twisted like baking, using a big mark, 
in space image Measurement Division, an absolute position of a space image is measured in 
each focusing position, and it calculates Lighting Sub-Division TERESEN. 
[0191]As explained to details above, according to the exposure device 100 of a 1st 
embodiment From having the space image measuring instrument 59 which has slit width 
2D=n- (lambda/N.A.) and the slit plate 90 which is n<=0.8. By performing space image 
Measurement Division of a pattern for Measurement Division on reticle or a reticle fiducial 
mark board using this space image measuring instrument, little highly precise space image 
Measurement Division of degradation of an image profile is attained in the case of conversion 
of a space image -> space image strength signal. In this case, the big dynamic range 
becomes unnecessary at a signal-processing system after the photosensor 24 (optoelectric 
transducer). 

[0192]In the exposure device 100, the main control unit 20 can measure Measurement 
Division of a space image by the above-mentioned slit scan method, and various imaging 
characteristics of projection optical system PL using this measuring result which was 
mentioned above with high precision using the space image measuring instrument 59. 
Therefore, it can be based on a measuring result of this imaging characteristic, for example, 
optical performance of projection optical system PL can be adjusted with high precision at 
the time of starting of an exposure device in a factory, etc. Or especially about distortion or 
magnification. Perform above-mentioned Measurement Division periodically and based on this 
measuring result An imaging characteristic compensator which is not illustrated [ of 
projection optical system PL ]. for example, Z and a tilt drive carry out a specific lens 
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element which constitutes a projection optical system, [ device and ] Or distortion, 
magnification (especially non-scanning direction at the time of scanning exposure), etc. can 
be amended using a device etc. which adjust internal pressure of a sealed cabin provided 
between specific lenses which constitute a projection optical system. Amendment of 
magnification of a scanning direction at the time of scanning exposure is performed by 
adjusting at least one [ reticle at the time of scanning exposure, and ] scan speed of a wafer, 
for example. 

[0193]Thus, in the exposure device 100, since exposure is performed, for example using 
projection optical system PL to which an imaging characteristic was adjusted with high 
precision by adjustment of the imaging characteristic of a projection optical system in 
advance of initial adjustment of the imaging characteristic of a projection optical system, or 
an exposure start, improvement in exposure precision is attained as a result. 
[0194]Since detection of the amount of baselines of alignment microscope ALG1 as a mark 
detection system is performed with sufficient accuracy by the main control unit 20 in the 
exposure device 100 using the space image measuring instrument 59, By controlling a 
position of the wafer W using that amount of baselines at the time of exposure, etc., 
improvement in superposition accuracy of reticle and a wafer is possible, and improvement in 
exposure precision is possible also in this point. 

[01 95] Although slit width 2D explained a case where it was determined in consideration of 
both the wavelength lambda of illumination light, and numerical aperture NA. of projection 
optical system PL, by the above-mentioned embodiment, this invention is not limited to this. 
[0196]That is, slit width 2D may be defined only in consideration of numerical aperture either 
one of the wavelength lambda or NA. Even if it uses a space image measuring instrument 
provided with a slit plate which has a slit of such slit width 2D, Measurement Division with 
high accuracy of a space image (distribution of image strength) of a prescribed pattern is 
possible by a slit scan method like the above-mentioned embodiment. 
[0197]Next, determination of slit width (2D) is explained further. Here, a case of focal 
Measurement Division is taken up as an example, and a deciding method of suitable slit width 
is explained. 

[0198]Like the above-mentioned, Measurement Division of best focus positions of a 
projection optical system, Space image Measurement Division of a pattern for Measurement 
Division with a slit scan method, changing a position of Z shaft orientations (optical axis 
direction) of the slit plate 90 A multiple-times repetition, It asks by detecting Z position (Z 
coordinate of a contrast peak) of the slit plate 90 with which contrast which is a 
(primary/zero-order) gain of a light intensity signal acquired by this serves as the maximum. 
[0199]Usually, when detecting a best focus, it is 0.15 micrometer in pitch interval, and 15- 
step (step) grade change of the slit plate 90 is carried out. 

[0200]Here, an example of the above-mentioned best focus detection is explained using 
drawing 26 . This drawing 26 shows a horizontal axis for a measurement value (x seal in 
drawing 26 ) of contrast of 13 points which changed the slit plate 90 to Z shaft orientations in 
13 steps (step), and was acquired on each point as the Z-axis. Based on a measurement 
value of contrast of 13 points shown by x seal in drawing 26 , it asks for the 4th about 
approximated curve C with the least square method. It asks for an intersection of this 
approximated curve C and suitable threshold (threshold level) SL, and let the middle point of 
distance =2B between intersections be a Z coordinate value corresponding to ** 
SUTOFOKASU. 

[0201 ]The same diagram as drawing 26 is shown in drawing 27 . However, by this drawing 27 , 
a vertical axis shows amplitude (or first order mentioned later) of a primary ingredient. Focal 
detecting accuracy when the range of WZ (= step pitch x data number) in drawing 27 is made 
immobilization here is considered. 

[0202](1) If amplitude of a primary ingredient is set to S when a shot noise is dominant, a 

shot noise is proportional to S 1/2 . Since average inclination of a curve about Z of amplitude 
of a primary frequency component (it is hereafter sketched as a "primary ingredient" 
suitably) is in inverse proportion to the depth of focus (DOF), If a noise of amplitude of an 
each primary ingredient makes the noise N fluctuation done to a Z direction of data, it will be 

N**S 1/2 andDOF**lambda-S 1/2 /(N.A.) 2 .... (5) 
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There is ******. Here, N A is a numerical aperture of a projection optical system. 
[0203]However, since there is relation between P**lambda/N A. when line width of an object 

pattern is set to P, it is S/N**(NA) 2 -S 1/ Vlambda**lambda-S 1/2 /P.... (6) 

****** is realized. Here, S/N is a S/N ratio which is a ratio of amplitude of a primary 

ingredient, and noise amplitude. 

[0204](2) When a dark noise is dominant, a dark noise is not dependent on the amplitude S of 
a primary ingredient. Average inclination of a curve about Z of amplitude of a primary 

ingredient will be N**DOF**lambda/(N.A) 2 , if a noise of amplitude of an each primary 
ingredient makes the noise N fluctuation done to a Z direction of data, since it is in inverse 
proportion to DOF.... (7) 
There is ******. 

[0205]Therefore, line width of an object pattern is set to P, and they are S/N**(NA) 2 and 
S/lambda**lambda-S/P .... (8) 
There is ******. 

[0206]It turns out that what is necessary is just to pay its attention to the amplitude S of a 
primary ingredient and a S/N ratio is proportional to the 0.5 to 1st power of the primary 
amplitude S with character of a noise if wavelength and an object-pattern pitch are 
determined when making slit width (2D) the more nearly optimal than (6) and (8) types. 
[0207]An example of a simulation result for searching for a range with preferred slit width 
(2D) is shown in drawing 28 (A) - drawing 31 (B). Among these, drawing 28 (A) f drawing 29 
(A), drawing 30 (A), and drawing 31 (A) show a case of conditions of N.A =0.68, lambda= 248 
nm, and sigma=0.85. Drawing 28 (B), drawing 29 (B) f drawing 30 (B), and drawing 31 (B) show 
a case of conditions of N.A =0.85, lambda= 193 nm, and sigma=0.85. 

[020 8] Drawing 28 (A) and (B) shows a S/N ratio about focal detection at the time of applying 
(6) types supposing an example which used a photomultiplier. In drawing 28 (A), as a pattern 
for Measurement Division, linewidth L is 200 nm, 220 nm, and 250 nm, respectively, and solid 
line (-), dashed line (**), and dotted-line 0 shows a case where each duty ratio uses 50% of 
last shipment pattern, respectively. In drawing 28 (B), as a pattern for Measurement Division, 
linewidth L is 120 nm, 130 nm, and 140 nm, respectively, and solid line (-), dashed line (**), 
and dotted-line 0 shows a case where each duty ratio uses 50% of last shipment pattern, 
respectively. 

[0209] Drawing 29 (A) and (B) shows contrast respectively corresponding to drawing 28 (A) 
and (B). Contrast becomes so large that slit width is small. Since zero-order amplitude is 
proportional to slit width, it is the first order (1st Order) which multiplied contrast by a ratio 
of slit width on the basis of 0.3 micrometer. This is proportional to amplitude of a primary 
ingredient. 

[021 0]A first order respectively corresponding to drawing 28 (A) and (B) is shown in drawing 
30JA) and (B). 

[021 1]Also in the case of which wavelength and line width, it became clear from drawing 28 
(A) and (B) that the same length as a half of a pattern pitch (=2L) of the optimal SURITSU ** 
width (2D) for focal detection was the optimal as a result. It is indispensable that small about 
a pitch it is less than a resolution limit, of course although it is moderate. Therefore, an 
optimum value of slit width serves as a half grade of a resolution limit pitch of an exposure 
device. 

[021 2] Drawing 31 (A) and (B) is the same conditions as drawing 28 (A) and (B), and shows a 
S/N ratio about focal detection at the time of applying (8) types. 
[0213]Here, optimization of slit width 2D is explained from another viewpoint. 
[0214]When width 2D of a slit of a space image measuring instrument and intensity 
distribution of a space image are made into i(x), slit transmission intensity m(x) is expressed 
with the following (9) types accepted [ (1) type mentioned above ]. 
[0215] 
[Equation 4] 

x-D 
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[0216]Focal detection is calculated from zero-order [ of the intensity image of last shipment 
of a resolution limit ], and the primary ratio (contrast). About the intensity of the zero-order 
ingredient contained in the intensity image of a space image, if intensity of a and a primary 
ingredient is made into b-sin (omega^x), slit transmission intensity m Q (x) and m^x) which 

are observed will become like the following (10) and (11) types. However, omega 1 is the 

spatial frequency of a resolution limit. 

[0217] 

[Equation 5] 

m 0 (x)-a J dt-2aD —(10) 



[0218] 
[Equation 6] 



X+D 



**i00~& j sin(oj,f)<fc = — smCw^-sinO^ZJ) —(11) 

[0219](10) More simply [ a zero-order ingredient / slit width ] than a formula, proportionally, 
from (11) types, a primary ingredient becomes the maximum, when satisfying the conditions 
of the following (1 2) types. 
[0220] 

omeg ai D=pi/2- (2n-1) .... (12) 
(However, n= 1 , 2 and 3, — ) 

[0221 ](1 2) When satisfying a formula, the gain of a primary ingredient by that used as the 
maximum (contrast serves as the maximum) at the time of the odd time of D=pi/(2omega 1 ). 

When slit width 2D will be odd times the pi/omega v it is desirable that it is odd times the 

half (it is hereafter called the "minimum half pitch" suitably) of the minimum mark pitch. 
[0222]Since the dynamic range of an electric system becomes easy so that the gain of a 
primary ingredient is high and the gain of a zero-order ingredient is low, the case where it is 
in agreement with the minimum half pitch by (12) formulas after all in the case of n= 1 (i.e., 
when slit width 2D is pi/omega^ if it puts in another way is best. 

[0223]When slit width 2D is 1 time the minimum half pitch, simulation data at a time of being 
3 times is shown in drawing 32 (A) and (B), respectively. In these figures, curvilinear LL1 of a 
solid line shows a strength signal of the slit transmitted light, dashed dotted line LL2 shows 
the differential signal, and dashed line LL3 shows space image intensity. In these figures, a 
horizontal axis is a slit position and a vertical axis is signal strength. 

[0224]When slit width 2D is 5 times the minimum half pitch, simulation data at a time of being 
7 times is shown in drawing 33 (A) and (B), respectively. In these figures, curvilinear LL1 of a 
solid line shows a strength signal of the slit transmitted light, dashed dotted line LL2 shows 
the differential signal, and dashed line LL3 shows space image intensity. In these figures, a 
horizontal axis is a slit position and a vertical axis is signal strength. 

[0225]It turns out that amplitude of differential signal LL1 is the same amplitude in drawing 
32_(A), (B), and drawing 33 (A) and (B). However, it turns out that a big dynamic range is 
needed according to a signal-processing system (processor after a photosensor) as n of slit 
width 2D= minimum half pitch xn becomes large with 1, 3, 5, and 7. This shows that a case 
where slit width 2D is in agreement with the minimum half pitch is best. 
[0226]If the Fourier transform of (1) and (2) types which were mentioned above is carried 
out, the frequency characteristic of the equalization effect by a slit will become clear. 
[0227] 

[Equation 7] 

p(u)- W exp(-2^) A- 2D "*f^> ~2D?^°1 -.(13) 

[0228]Spatial frequency of a resolution limit is made into omega^ and a frequency 
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characteristic in case slit width 2D is 1 of half pitch of a resolution limit and 3 or 5 times is 
shown in drawing 34 . In this drawing 34 , numerals GF5, GF3, and GF1 show a frequency 
characteristic diagram in a case of being 5 times of the minimum half pitch, 3 times, and 1 
time the slit width of this, respectively. It turns out that a case (GF1) where slit width is in 
agreement with the minimum half pitch is best also in respect of the stability of a gain (profit) 
so that clearly from this drawing 34 . 

[0229]«A 2nd embodiment» Next, a 2nd embodiment of this invention is described based 
on drawing 35 and drawing 36 . Here, about component part the same as that of the exposure 
device 100 concerning a 1st embodiment mentioned above, or equivalent, while using the 
same numerals, the explanation shall be simplified or it shall omit. 
[0230]A part of composition of an exposure device concerning this 2nd embodiment is 
omitted and shown in drawing 35 . Only composition of alignment optical system ALG2 as a 
mark detection system is [ this exposure device 110] different from the exposure device 
100. Then, this point of difference is explained as a center below. 

[0231]This alignment optical system ALG2 is a laser scan type alignment sensor of an off- 
axis method formed in the side of projection optical system PL f as shown in drawing 35 . 
[0232]This alignment optical system ALG2 is constituted including the light source 132 for 
alignment the half mirror 134, the 1st object lens 136, the 2nd object lens 138, and silicon 
photo diode (SPD) 140 grade, as shown in drawing 35 . Here, helium neon laser is used as the 
light source 132. In this alignment microscope ALG2, as shown in drawing 35 , laser beam spot 
for a laser beam to illuminate the alignment mark Mw on the wafer W via the half mirror 134 
and the 1st object lens 136 from the light source 132 is formed. It is usually being fixed and a 
laser beam carries out the relatively scan of a laser beam and the alignment mark Mw by 
scanning the wafer stage WST (scan). 

[0233]The scattered light generated from the alignment mark Mw is condensed and received 
on silicon photo diode SPD 140 via the 1st object I ens 136, the half mirror 134, and the 2nd 
object lens 138. A zero order light filter is inserted in microscope ALG2, it has become a dark 
field, and the scattered light is detected only in a position in which the alignment mark Mw 
exists. And a photoelectric conversion signal of light which SPD140 received is supplied to 
the main control unit 20 from SPD 140, In the main control unit 20, a coordinates position of 
the ally man ** mark Mw in a stage coordinate system specified with an interferometer optic 
axis is computed based on this photoelectric conversion signal and position information on 
the wafer stage WST which is an output of the wafer interferometer 31 at that time. 
[0234]The stability of a gain of the stability of the current beam position of laser, the stability 
of an interferometer and SPD - an electric system determines the stability of such a 
baseline of a stage scan type laser scan type alignment sensor. 

[0235]Here, Measurement Division of a baseline of this alignment microscope ALG2 is 
explained. As a premise, the reticle R shall be carried on the reticle stage RST. 
[0236]First, in the main control unit 20, a projection image of reticle-alignment-marks PM 
formed on the reticle R is measured like the above-mentioned using the space image 
measuring instrument 59, and it asks for a projecting position of a reticle pattern image. That 
is, reticle alignment is performed. 

[0237]Next, as it moves in the wafer stage WST and is shown in drawing 36 with the main 
control unit 20, The slit 22 of the space image measuring instrument 59 is scanned to laser 
beam spot, a measurement value of the wafer interferometer 31 is incorporated 
simultaneously with a strength signal of the transmitted light of a laser beam, a laser beam 
profile is obtained, and a position of the beam spot is searched for based on it. This asks for 
a relative position of baselines of a projecting position of a pattern image of the reticle R, 
and a laser spot irradiation position of alignment optical system ALG2, i.e., the amount of 
alignment microscope ALG2. 

[0238]According to the exposure device 110 concerning a 2nd embodiment described above, 
an effect equivalent to the exposure device 100 of a 1st embodiment mentioned above can 
be acquired. Although the amount of baselines of alignment microscope ALG2 is detected 
also in this case using the space image measuring instrument 59 by the main control unit 20, 
Since a projecting position of a reticle pattern image and a position of alignment microscope 
ALG2 are directly measurable with the space image measuring instrument 59 in detection of 
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this amount of baselines, Measurement Division of the high-precision amount of baselines is 
possible. 

[0239]Arrangement of a slit on the slit plate 90 of the space image measuring instrument 59, 
Slits [ which are extended, respectively / 22c and 22d ] **** may be added not only in what 
was mentioned above but in the direction which, in addition, accomplishes 45 degrees and 
135 degrees to the X-axis for the slits 22a and 22b mentioned above to construct as shown, 
for example in drawing 37 (A). Of course, slit width 2D of a direction vertical to a these slits 
[ 22c and 22d ] longitudinal direction is provided in same size by the same standard as the 
slits 22a and 22b. 

[0240]In this case, by scanning the slit 22d to space image PM' shown, for example in 
drawing 37 (AX scanning the space image measuring instrument 59 (wafer stage WST) in the 
direction of arrow C, as shown in drawing 37 (A), A light intensity signal corresponding to the 
space image is detectable with sufficient accuracy. A light intensity signal corresponding to 
the space image is detectable with sufficient accuracy by scanning the slit 22c to space 
image PM' shown, for example in drawing 37 (B), scanning the space image measuring 
instrument 59 (wafer stage WST) in the direction of arrow D, as shown in drawing 37 (B). 
[0241]Since a slit of these each class detaches to some extent and is arranged, when 
providing 2 sets of above-mentioned slits (22a, 22b), and (22c, 22d) on the slit plate 90, As a 
light-receiving optical system inside wafer stage WST, and composition of a photosensor, 
composition which can choose a slit of each class according to an optical or electric optional 
feature may be adopted. With a shutter, an optical path may combine a switchable light- 
receiving optical system and a single optoelectric transducer, and, specifically, a light- 
receiving optical system and an optoelectric transducer may be provided to a slit of each 
class, respectively. 

[0242]Next, image recovery is explained. 

[0243]The Fourier transform of p(x) proves what kind of spectrum it is in [ equalization by a 
slit scan ] spatial frequency from (1) and (2) types which were mentioned above. Generally 
this is called the instrumental function P (u). An instrumental function is shown by (13) types 
mentioned above. 

[0244](13) Filter PJnv (u) of the inverse characteristic of the frequency characteristic of a 
formula is shown by the following (14) types, and image recovery will be performed, if inverse 
Fourier transform is performed after taking advantaging of a Fourier spectrum of strength 
signal m(x) of a space image which has this observed. 
Pjnv(u)=1/P (u) — (14) 

Since maximums of an optical transfer function (OTF) of incoherent image formation are 
2N.A/lambda t it is necessary to fill the following (15) types for perfect image recovery. 
[0245] 
[Equation 8] 

D<— — -..(15) 
4JV.A 



[0246]lf the technique of the above image recovery is used, the image profile of a very thin 
isolated line is also recoverable. The isolated line containing various frequency components, 
measuring the space image of an isolated line in two or more focuses, and measuring the 
wavefront aberration of a lens using these is also considered, 

[0247]Measuring the wavefront aberration of the discrete frequency component of a lens is 
also considered by carrying out image recovery of the last shipment mark which is a 
repeated pattern. 

[0248]It is desirable to use for the space image Measurement Division for measurement of 
these wavefront aberrations the space image measuring instrument 59 which can measure 
the space image about four directions shown, for example in drawing 37 (A). 
[0249]Although each above-mentioned embodiment explained a case where this invention 
was applied to a projection aligner of a step and scanning method, While transferring a 
pattern of a mask to a substrate in the state where not only this but a mask and a substrate 
were stood still, this invention is applicable also to a step-and-repeat type exposure device 
to which step moving of the substrate is carried out one by one. 
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[0250]Although each above-mentioned embodiment explained a case where this invention 
was applied to an exposure device for semiconductor manufacture, This invention is widely 
applicable to not only this but an exposure device for liquid crystals which transfer a liquid 
crystal display element pattern to a square-shaped glass plate, for example, an exposure 
device for manufacturing a thin film magnetic head, etc. 

[0251] Although each above-mentioned embodiment explained a case where KrF excimer 
laser light (248 nm), ArF excimer laser light (193 nm), etc. were used as illumination light for 
exposure, Harmonics of not only this but g line (436 nm), i line (365 nm), an F 2 laser beam 

(157 nm), copper steam laser, and an YAG laser, etc. can be used as illumination light for 
exposure. 

[0252]AIthough each above-mentioned embodiment explained a case where a reduction 
system was used as a projection optical system, actual size or an expansion system may be 
used not only as this but as a projection optical system. 

[0253]When using a linear motor (refer to the gazette of 118,5,623,853,6 or US,5,528,1 18,B) 
for a wafer stage or a reticle stage, Magnetic levitation type whichever using an exhaust air 
surfacing type using exhaust air ** ARINGU and a Lorentz force, or reactance power may be 
used. 

[0254]TAIBU which moves along with a guide may be sufficient as a stage, and a guide loess 
type which does not provide a guide may be sufficient as it. 

[0255]Reaction force generated by movement of a wafer stage may be mechanically missed 
to the floor (ground) using a frame member as indicated to JP,H8-1 66475.A (United States 
patent 5th, 528, 118 No.). 

[0256] Reaction force generated by movement of a reticle stage may be mechanically missed 
to the floor (ground) using a frame member as indicated to JP,H8-330224,A (U.S. patent 
application serial number No. 416558). 

[0257]While including an illumination-light study system and a projection optical system 
which comprise two or more lenses in a main part of an exposure device and carrying out 
optical adjustment, An exposure device of this embodiment can be manufactured by 
attaching to a main part of an exposure device a reticle stage and a wafer stage which 
consist of many machine parts, and connecting wiring and piping, and also carrying out 
comprehensive ac|justments (electric adjustment, operation confirming, etc.). As for 
manufacture of an exposure device, it is desirable to carry out in a clean room where 
temperature, an air cleanliness class, etc. were managed. 

[0258]A step to which a semiconductor device performs a function and a performance design 
of a device, a step which manufactures reticle based on this design step, It is manufactured 
through a step which manufactures a wafer, a step which transfers a pattern of reticle to a 
wafer with an exposure device of an embodiment mentioned above, a device assembly step 
(a dicing process, a bonding process, and a package process are included), an inspection 
step, etc. from a silicon material. 
[0259] 

[Effect of the Invention]As explained above, according to the space image instrumentation 
method and space image metering device concerning this invention, it is effective in a space 
image being measurable in sufficient accuracy. 

[0260]According to the imaging characteristic instrumentation method concerning this 
invention, there is an outstanding effect which is not in the former that the imaging 
characteristic of a projection optical system is measurable with sufficient accuracy. 
[0261]According to the exposure device concerning this invention, it is effective in the ability 
to aim at improvement in exposure precision. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is a figure showing the rough composition of the exposure device 100 
concerning a 1st embodiment. 

[Drawing 2] It is a figure showing the internal configuration of the alignment microscope of 
drawing 1 , and a space image measuring instrument. 

[Drawing 3] It is a figure showing the modification of the space image measuring instrument 
which has arranged the photosensor to the exterior of a wafer stage. 
[Drawing 4] It is a figure showing signs that the alignment microscope has detected the 
alignment mark on a wafer. 

[Drawing 5] It is a figure showing the state where the alignment microscope has detected the 
slit of a space image measuring instrument, when measuring the baseline of an alignment 
microscope. 

[Drawing 6] The top view in which drawing 6 (A) shows the space image measuring instrument 
in the state where space image PM ? was formed on the slit plate when measuring a space 
image, and drawing 6 ( B) are the diagrams showing an example of the photoelectric 
conversion signal (light intensity signal) P acquired in the case of the space image 
Measurement Division. 

[Drawing 7] It is a diagram showing the result of the image formation simulation corresponding 
to the case where the space image of the last shipment mark of the linewidth of 0.2 
micrometer and 50% of a duty ratio is measured, and is a diagram showing the simulation 
result in the Beth ** focusing position. 

[Drawing 8] It is a diagram showing the spatial frequency component at the time of carrying 
out the Fourier transform of the strength signal P3 of drawing 7 with the original strength 
signal P3. 

[Drawing 9]I t is a diagram showing the simulation result at the time of defocusing 0.2 
micrometer from best focus positions. 

[Drawing 10] It is a diagram showing the spatial frequency component at the time of carrying 
out the Fourier transform of the strength signal P3 of drawing 9 with the original strength 
signal P3. 

[Drawing 1 1]I t is a diagram showing the simulation result at the time of defocusing 0.3 
micrometer from best focus positions. 

[Drawing 12] It is a diagram showing the spatial frequency component at the time of carrying 
out the Fourier transform of the strength signal P3 of drawing 1 1 with the original strength 
signal P3. 

[Drawing 13] It is a top view showing an example of the reticle for Measurement Division used 
when detecting image surface shape. 

[Drawing 14] It is a top view showing an example of the reticle for Measurement Division used 
when detecting a spherical aberration. 

[Drawing 15] It is a top view showing an example of the reticle for Measurement Division used 
on the occasion of magnification and distortion measurement. 

[Drawing 16] It is a top view showing the space image measuring instrument 59 used on the 
occasion of magnification and distortion measurement. 

[Drawing 17] When performing space image Measurement Division using the reticle in which 
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the pattern for Measurement Division which comprises a big last shipment pattern was 
formed, it is a top view showing the space image measuring instrument in the state where 
space image CM n ' of the pattern for Measurement Division was formed on the slit plate. 

[Drawing 1 8] It is a figure showing an example of the mark block in which the pattern for a 
false box pattern and other Measurement Division was formed. 

[Drawing 19] It is a figure for explaining the 1 st instrumentation method of a coma aberration, 
and is a figure showing an example of a resist image. 

[Drawing 20] It is a top view showing an example of the reticle for Measurement Division used 
for the 1st instrumentation method of a coma aberration. 

[Drawing 21]W hen the compound mark pattern in which two or more five last shipment 
patterns constructed, and have been arranged with the given period is used as each pattern 
for Measurement Division, it is a top view showing a space image measuring instrument when 
the space image EM' is formed on a slit plate. 

[Drawing 22] Space image EM' shown in drawing 21 is a figure for explaining having two 
fundamental frequency components. 

[Drawing 23] They are a top view showing an example of the reticle for Measurement Division 
by which drawing 23 (A) is used for the 2nd instrumentation method of a coma aberration, 
and a figure which drawing 23 (B) expands each pattern for Measurement Division of drawing 
23 (A), and is shown. 

[Drawing 24] lt is a top view showing a space image measuring instrument when space image 
GM n ' of the pattern for Measurement Division which comprises the symmetrical one- 
dimensional mark with which the line pattern with thick line width and the line pattern with 
thin line width were located in a line with the measurement direction with the prescribed 
interval is formed on a slit plate. 

[Drawing 25] It is a top view showing a space image measuring instrument when space image 
HM' of the pattern for Measurement Division in which the one-dimensional mark in the case 
°f drawing 24 has been arranged repeatedly is formed on a slit plate. 

[Drawing 26] It is a figure showing a horizontal axis for the measurement value (x seal) of the 
contrast of 13 points which changed the slit plate to Z shaft orientations in 13 steps (step), 
and was acquired on each point as the Z-axis. 

[Drawing 27] It is a figure showing a horizontal axis for the value (x seal) of the amplitude of 
the primary ingredient of 13 points which changed the slit plate to Z shaft orientations in 13 
steps (step), and was obtained on each point as the Z-axis. 

[Drawing 28]Drawing 28 (A) and (B) is a graph which shows the S/N ratio about the focal 
detection at the time of applying (6) types under a predetermined condition supposing the 
example which used the photomultiplier, respectively. 

[Drawing 29]Drawing 29 (A) and (B) is a graph which shows the contrast respectively 
corresponding to drawing 28 (A) and (B). 

[Drawing 30] Drawing 30 (A) and (B) is a graph which shows the first order respectively 
corresponding to drawing 28 (A) and (B). 

[Drawing 31]Drawing 31 (A) and (B) is the same conditions as drawing 28 ( A) and (B), and is 
graphs which show the S/N ratio about the focal detection at the time of applying (8) types. 
[Drawing 32]Drawing 32 (A) and (B) is a figure showing the simulation data of the strength 
signal of the slit transmitted light at the time of being 3 times, its differential signal, and 
space image intensity, respectively, when slit width is 1 time the minimum half pitch. 
[Drawing 33]Drawing 33 (A) and (B) is a figure showing the simulation data of the strength 
signal of the slit transmitted light at the time of being 7 times, its differential signal, and 
space image intensity, respectively, when slit width is 5 times the minimum half pitch. 
[Drawing 34] It is a figure showing the frequency characteristic at the time of being 1 of the 
half pitch of a resolution limit, and 3 or 5 times the slit width of this. 

[Drawing 35] It is a figure omitting and showing a part of composition of the exposure device 
concerning a 2nd embodiment. 

[Drawing 36] In the exposure device of a 2nd embodiment, it is a figure showing a state when 
measuring the position of laser beam spot using a space image measuring instrument on the 
occasion of the base line measurement of alignment microscope ALG2. 
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[Drawing 37] lt is a figure for explaining other examples of arrangement of the slit on the slit 

plate of a space image measuring instrument, and the directions for the space image 

measuring instrument with which such a slit was formed ( drawing 37 (A), (B).). 

[Drawing 38] It is a figure for explaining the conventional space image instrumentation method 

( drawing 38 (A) - (C)). 

[Description of Notations] 

10 — an illumination system (some of lighting systems and space image metering devices) 
and 20 — a main control unit (a control device.) Some of processing units, space image 
metering devices, and 22a-22d — Slit (some space image metering devices), 24 — A 
photosensor (some of optoeiectric transducers and space image metering devices), 90 — Slit 
plate (some space image metering devices), 100 [ — Reticle (mask) W / — A wafer 
(substrate), WST / — A wafer stage (substrate stage), ALG1, ALG2 / — Alignment 
microscope (mark detection system). ] — An exposure device, PL — A projection optical 
system, IL — The illumination light R 



[Translation done.] 
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© 5 -f > 7 y H X ^ - X / - yo v •> T Hi 0 jg b (/ \ 

^^^-yfc^fjS-rs^x h7*-*xfiB©M^S^ 

[0 0 3 2] ±gB»*«8Jcie«©^fc^5iefiM$14 

fB/^-yti, ffiIB^2 77[Bl©tI^t5IBXU>y h©iulB 
^2 7j[p]©'t 1 i<t V^^/^-y^: / >ft< fctio 

#cy / ^ - y x*& o , ffl3&B$»<D&j& t mttmm& 

Is ^©^tH husBSK^^©^ ^ —77 * ~)l F 
©^ ft § fiBtc 2 ft 5 tu 13/ ^ - y ©SP^ft o 

b ic «fc o t# ?,ftfc^©7 , e*^i^^ft ; rft©fiiffl^ 
mcfti&t %>&Mm<D{iLm* : tti : etimtii u mums 

^©'>ft < i: t-7a^#fe§ ci i: T 5 c So 

[0 0 3 3] lcT\ •r-YXh-v'ayttis -I'^-v 5 

7 << ->v Fftvmmx-xjmmic ft t> ©^fl ^ fc 

^cft§s^^©ti2MT*fet), f^xh->3yt 
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[0034] *nmic&tii£, mmtti<D^mic & q , 

2^[S]©1gcfcD^v«/^-y^ / >*< £t> lot 
Life <0«\ — 2 #|ft©ffitfXU y F 

[0 0 3 5] ±fBII*^8tlEic^0^^^?,|g{i^14 

IB^^-Xi, fufBH 2 ^fRjcDifs^ffilgX U v F ©MIB 
^ 2 #iR]0li«fc D*£i^gJ£/S*-y;£'>& < i: t, l o 

Krt0g4Sffififcg!&£ti5fl8gE/<*-->©£|l8 
«KOV">T»DjILffV\ fl&fBdr£©«Ulfc LT, MIB 
ft t) ig L fc «fc 0 ?# 5 tifc«»OJM« ti^Pti 

[0 0 3 6] *«WfC *ntf» X7^Xa^ffl^fcX7 

[0037] ±ew*a 8 ictmoi^mwmmwmc 

LTJ©BttT, tufBSil 1 7?lP]{i:Ji^14^^-r 
y/V FX-^-X/^-yr&S c £ i: 

&w-y<D£fflm<Dfom v nt>ti%mz. xu<y f# 

Stye, *<D/*2-><D£W&#t\mVi<09eB'**-y 
£XU >y FX^^Lfctt^ ra«OSH«0^^% 

KkJnWclO/iraftOBOXV-i' Myi—B 

oxv-^) /^-yfcif£f||£KjM-f 

[0 0 3 8] COig^tefel^T, H^l 5£ffi«©58 
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tGIE£fgft^<D7V X 1 — i/a >Rtflg*©'>fc < i: 
t-^*465 C £ £ LTtil\ 
10 [0 0 3 9] ±ffi»#® 8 tCiB«0«Wfc^S SS«#tt 

itij^stcfe^r, n*ai 6 \c%^m^m<om < > as 

E^*->t4, Hu85®2 7?iRik:*f^'rs^lRlfcS)W1t* 
X i: ©3££ S^J^T 1513^7 1' y^^-ycDB 

?k(D?-?l&£%j!iltb%<l££-t2>££tfT°%2>o 
[0 0 4 0] ^vlRMti^ UyXoa^rOH^-pfg*^ 

20 (HfrsjitifcffidoiBftoaj^tafei:*. ^ot, 7^$fi 

TSftSCtfcS:*. U-oX, X^-TXS^ffl^TX>y 

[0 0 4 1] ±1311*^8 fcgB«0«Wt^*^»«Ftt 
IB^^-yti, MHB^2^fa]t^f5-r573lB]^jg^'l4^ 

135 ■< y 7 y F x-^- x/ ^ - >©3>^©itil ml ttj&t %> 

^TrnfflS^tt^O^iRM***)* C ££■?%>££ 
WX # 5 o SIHHfttfM O i: £3 / - >©^a>^(p] 

5>f > 7 y F x-<-x^£ - y cd§7 >f - y 

H«fc*ff*3ViR|g<D»»i:, y^yyy FX-s-X 

-y(Dg.rmiL-ft?%=i-?w.m<Dmw£im&?%o tt 

■T5^ 1 S#JSIi£iSuS#i:, 7-T>7>FX^-X/^ 

MiHL, mwmm%iLm-3^xmzft¥%<D3-?®im* 

[0 0 4 2] ±GM$38lcett©Rftfctt«|gfttttt 

50 E/^-vtt, WEJRz^tcwis-rs^risucmsiiBHi 



(8) 
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©3viRM£##5cfcfc1-£ci:tfT*fr.5o M&ftfa 

*f*M4^ - * / - y ©s m\mn^<D-f ti*n ta 

^S^^t^ntf, &f^?6©3Vi|XM£¥ii£&< 
Mtb2>ZttfX%% 0 
[0 0 4 3] tt#El 9 fefBSg©?^*. m&K^lC 

&^TBtiisft%m%.<D^z-y<DQmmmrm?z>£. 
mmmmrnxz? x s mm; < * - y©£ra«fcflaieJS! 

^M^rsM^sm do) i: ; mtE&&yt¥&<Dim 
nicrnmm z ^©"H # t> ** < wiapiittosi 

ftA*«MEia»)t*3fi©MP»N. A. -e»Lfc (A/ 
N. A. ) JSTFTfcS, / >^<tfelO©X'j7h^ 

■rsxu 7 us o o) t ; «na*y ? mssml/c 

(2 4) fc ; BufeMB^SStc«fcf3Mffi^^->^ 

swish, Mia«iif±fciwiBffiH«w«^j**tifett» 30 

5 ©3t«fflW3 # S^S ^ T bu IBS Mftfc W JS* S ft 
3W8»**W«i"r*«WffiKB (20) : £ii;L5 0 

[0 0 4 4] CWCintf, MB^SH^^oTFiT^©^ 

&7c¥ffirt"?£ l WZ'piZ. < fe l o©x y 7 
h ££-f 5 X U y h ffi*Miffi£^©tulB 2 &tc¥® 1*9 T* 40 

h©^^(p)©^ (A/N. A. ) J-XTT&S© 

t% ±iBii*^3i:iB)^tc, mm±+ftr£m^mmx°£ 

[0 0 4 5] IS*^2 0tffi*©a^«, VX^ (R) 50 
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fcj&ffSftfc@K/<*-i'*ia»tt¥£ (pl) 

TSS (W) fClE^-f S«ft8HT£oT\ fufBS*££ 
{SJf-f^StSX-r-^ (WS T) h ; tulfiXU -y hffi 
(9 0) jWjNE»S*f— *-?SIS™fc*Wt* 

nfci«*a 1 9 £Eft©2nftffw&H££tf 

[0 0 4 6] Cti(cj;n{f> X'J >y HtflSXf-^ 
i:-fti»gfftBIDBte«!jS«tifc»l*a l 8 fc!B*©3lffl 

fc sftms ©ift±tf qrftg & § o 

[0 0 4 7] d©ii-&{i:*3V^T, m$M2 1 fcSSt8©S6 

0^©i(P<. BulB^ftltiJSK^ffl^T, S^?©v-^ 
3t*3R©IS«WFtt*** (2 0) *HK:fliA 

© ^ ^ ^ - y (D-gmmz. ttfo? 5 )t§s 
s-cJ^Tia»ft^©e««Ht^i65nso *©fe 

fcjfe4oTts»ft^©*s««ftt*iB[E-r* z tmm 
[0048] ±iBifi*«2 0 kmm<D$%wfc&zm%%. 

Wlc&^X, SS*E 2 2 £SBli©f8E©ftK x HuHfiSte 
Xx-^'±©v-^©{iM^(±i-r§v-^^ttl^ (A 

LGlX(iALG2) t. ; MlBSP^^ItSiJ^B^ffl^ 
T, HulBS^)t^^«fc5iuIBvx^©/^-y©S^ 
figiijtuHBv-^fctj^ i: ©tg^feBP^^^tti-r §$<J 

mt%&%¥% <fc S ffit B^? x ^ ©/ ^ - y ©IS^feB. 
1" -6 B&iB'S* - y©ffi(ffl«©|g«ffla i: v- ^ ftttJ 

^^©ffi^{4BMfi (-r&t)^, v-^^ms©v^«> 

^y»©atiJfc^fcD> y©KE{fcH*, 
^ IWftttill&Hfc «fc OESJWtW-fflfJ-rs c fc^T-t 5© 

t% mm^-tw.tis^tfmmmtttm^x-?*?^ 
z-yvm&tiLWzmmmzmitzm&fcit^x. m 



IrJ±K «fc 0Bft»fi©lSl±^Rlffii:ft*o 

[0 0 4 9] 

[^©HSg©m«|] OR l <D%mBm WT> *^ 
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■So 

[0050] igi i % i <DniMBmic&%mft%w 

©■So 

[0 0 5 1] c©Sft§gg ioob, y&KBt&WffiXfr 

LT©7XMW£&8LTXY¥ffirt££ftfc:&l&Rlfg 10 

n *»j wf s aw ***** r i^* . 

[0 0 5 2] t&EJSW* 10tt, ttiBL RBK^-fbK* 

[0 0 5 3] MIBfcHfc LTtt, -ffilfcL 
Ts K r FI+S/VU- tfft Gfeg2 4 8 nm) XtiA 
r FX+i/VU— 9% (MSI 9 3 nm) fcUtfrTSx 20 

[0054] nmu^ivf^ym. ?$n&tt&m 

©Rill 1^7/1/77^ F 1 2 (0 i •m^ftBg, a 

mxu >y htt©Mwis« i a R*«Ber«je»MP3WB 

a^i/f-^;i/77-rv F©jfi^cDU-f-^;i/Ro/^-y 30 

Rjg©ngqgp*w-f£o 

[0 0 5 5] IP^l 0ft,fc3£, 

ft£LT©MBM (WT, rjBEfti lj tt* 

*;UR©KP!^$ (Xf4^fp){cfflS<#0 : Y|fi^(p)(D^ 
OT?r£IB©S£JBX U y h «<DJtaqHH«) I A R **3- 

[0 0 5 6] &*5, Rl»)bf-^;l/7^-('yF 1214, j£ 
*«3tOIMfi«&tf»7i*fc±«a«Wtll 2 0 (C «fc o TfrJ 

19* tU fiaW®«I ARJ&MfcffiiJIfi-fSilfcfCioT, 
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*mmwx'&, ^wiisT-tfrzryjyY 1 2#, 

[00 5 7] jius2l^^I<'Xx-> > 'R S T±£ti, U^ 1 
?nti^o ^;l/Af-^R S TI4, CdT'ti, U 
J; 9, »ifi1-*J2I^^RPLO)ie«l"AXlcSKaXY 

^fpj&a'xY^FffitcE^-r^zittiHiooHiE^io] (flz 

77[rL> fc) ^'>IE©iRj^T*&Si:J:fef;:, ^HasOUf- 

7 ;V R ©£ffl#'>& < fe &1^¥* P L (Om& A X * 
C i: 5 fctt© Ylft^lSlO^SlT. h P £ 

[0 0 5 8] Ufi'^l/Xf-^R S T±£«: > V^th 
U— tf=F»W- GMT, ri/^^;U=F»ffj fc^S) 13 

*5<9, Uf-^^-f-S^RSTOXYffirtOffiWiUf- 
Xf-i/R S T±fc{4j££»tl$©;££73lt!j (Y$ft77 

ft, lsf-*)]rpmtl 3liYWl7jlRlfc lift, Xtt77(oJ{C 

Wimi 5, bf-^^Mtl 3hLT^^tlTV>5o 
[0 0 5 9] Uf-^H^ff 1 3*^©U^^;V7>x- 

^ R s t ofifi'lf $Bti, 7-^xf->3y 

±ftr#SK2 0THibf-^;l/7.-r-^R S T©fi»'tf^ 
f-i^R S T^I»MS. 

[0 0 6 0] BufeJSI&ft^PLtt, b^^^r-v 5 
R S TCDIH 1 tfettST^tEfi^tl, ^©7^14 A XO 

77 Ifi]^ Z ffi7? Ir) i: £tt> T'tiMffl'JT Pir y h U -y ^ 
WfT^D, 3ttttAX*iftt»oTBfSg'IBIWeE« 

a* -mtLXl/5 tr^x^o COfc46> 

•v hKia^HItt I ARAl^Mi:, C©b^^;l/R 
%5iifi LfcHaWTie I Ltc<fe*5. ^7^^ P L^r^LT 
^©XU -v httHHBfHM I ARrt©U^^;VR©[5lK^ 

^-y©JS/Ni (g|5^@Jit^) /)OTt7*huy'xh 

*W?n/c 7XMW±©HuSSM^nUl? I A Rfc^Sft 
[0 0 6 1 ] Hlffi7XM7.x-^W S Ttt, Xf-^ 

-XI 6±®(cj9oT^J^^fiSmr?±M2^7t';x77 
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* =f- 3. x- £ e, js § ^ © ^ x/ \ x f— s?eii?r \c 

<fcD, XY2^7C®rt ( 9 z @fe£-gt?) T'iifiEtClgKj 
£ft&=k5{i:&oT^5 0 CC^ 2^7C'Jx77^^ 
:iX-£«:, Xfgtljxi'i'/k Yigijn^;l/cDftl!, Z|g® 

z, e x , e y(0 3^m^c^m / pmmti^mm 

[0 0 6 2] >)inXr->'WS TJifCti, ^xm*^ 
^2 5^S^n, CCD^X/vlvl/^ StCfcoT^X 

>>w#k£irsi mmmww icx^ximztix^ io 

-So 

[0 0 6 3] >)XA7f->*WSTWUt, U 

ZWiStett. ^xm^;1/^2 5^:, Z, 6x, 8y©3 
g SS7a (p] lc X 3 ;Ut- £ Iffc J; o T fflt<J>ftfti 2 

n§z • b^ i ;y^r-^;i/^/i-LT ; e£D2^7t^i!]x 

[0 0 6 4] mjfH^XMXr-^WS T±k:te, <?x/\ 
\y— *f^m CfitT, T^XM^ftj £W) 3 1*> 20 

^KB£ft/c^x^T$at3 lfcj;t>, "7xmxx- 
5>W S T O X Y ffirt ©ffilltftBI*. fcf 0 . 5~lnmlg 

[0 0 6 5] CCX\ HlgfCtJ, ^XAXf-^WST 
±tett, ^SS7feB$(D^S^rplT-S?.Yf(ll7a(S]tCiI$-r 

if It 3 l ttYWtffieafc: lid), X«i^tea:2tWRtt6ti 
Tl/>5*V 0 1 T?«Cft5tfttSWfc#il0l2 7, <7X 30 
'vF$lt3 l £ LT^SftTi/^o ^x/nXt-^WS 

T£D{iB'it$s (xim&mm a±mmm2 0icm& 
ft, ±»SH2 o -e^tuiefiatf is (x^3ig'it$s) 

[0 0 6 6] ^x/^r-^WSTitit JSJ& 

xmk p l os«Mttfeon-iiifc ffl v * 6 n s ^ ia«w »js 

5 9#S8tt&ftTVS. ClT?, d O^MftttiMil 5 9 

©flWfco^TSBfrrso c offiMflUKiiia 5 9 a, h 

2£;r;£ft3<k'3fc:, ^XMX-r-v'WS TO— 4^g|3± 40 
6ftTVS. C ©£HtRtt»J& 5 9te, Sfct8«55 8 a<D 

^7^8 2, <I<Dgft;tf7X8 2©±®EMJ 
ft, ^(D-gPtCX U >y h 2 2 tffMSftfcjlftiMfc 
3£|}§i8 3, XU >y h 2 2T7?'7XMX7 L -^WS T 
rtWfcEHSftfcUVXS 4, 8 6^515^-^ 
RUU-)tt*» (8 4, 8 6) fc «fc -a Tffi5£)tf&£ 
#7Bt'JU-£ftS!!BHJafcsfe (flWtJfc) ©«J»%#r0ia 

tf&J/TOffltf^ 7—8 8 (CCf, 1/VX8 4, 8 6, 50 
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RtfS-7-8 8{C«fcoTgftft^jWt/jgSft3) , Tk 

mmMmki-t Lx<D%^y^2 Am^^xm^t 

[0 0 6 7] fluE£ft#7X8 2 ©jgtffcLT^ <1 C 
&&iftfffl^e>ft3 0 £fc, ft-fe*Hf-2 4 i; LTtt, fit 

ens,, #£ssj$in*«\ §ft#5X8 2;&tfK 

(omWlcls^Xl,*, £ft#5*8 2 i:E*f§l8 3 
$3xy-yhfe£, y <y H£ 9 0 j 4:^t>0 

t-rso s/c> tua^K, * U y h 2 2 tis&fii 8 3 

fi9 OtCX'j-y h 2 2*^fig«nT^*t>©i:LTSiTO 

[0068] ^nmnrnxtt. &i&tz. u?-<7>iric 

lx * fcfiaw^ iLtio Tsra«fp«ijf§ 5 9 zmtftt 
s * y y mr 9 o j^isaw* ti* t> u v UK 9 o 

^ (8 4, 8 6, 8 8) *ftLXK-ty*t2 4 "^SJtS 

# (^«M#) P^±WtP»«2 0K:ffi**ti*J:9K 

[0 0 6 9] ftfe, 7t-tr>^2 4ti, Lt^XAX 
f-i^WS T(DF«gg|5{C^t§^{i*<, ^Jx.tf, 03 
te^SftS£H«fHPJ8 5 9* <D^P < , 3t-fey-9- 2 4 % 
!>XAXf-^WS TOWSPfcEll/tt.^, S3t 
fet^T, ^iy^f-J?WS TKtt, ^-<D±®*^x/> 
W<D^ffii:(i{S*|SI— ffii:$ft/i2 0CDiag|5 5 8 a, 5 8 
b*^tP)ftTl/>§ 0 flg(55 8 atilt±, E!2©iI££|B] 
«fcbT«lJS*ftfeXU 7fi9 O^WSft, iX'J 

>X8 4, 8 6Rt>*^ 9-8 8 #02 tmtiL<OtiLSffl& 
t?ffifi$ftTV>So oCD^, >)XAXf-'>*WST(9 
rtgptti, 9^ h^f-Y H8 5 &l&lft£ftTV5, L<D? 
<<YiM K8 5(i, *©A*fiSi8 5 a*V XU 7h2 2 

^fiRSftfcSJtiBlcttaaffllUcEllSftTV^o * 
fc, l(97^ F8 5©*ftB4»8 5 b«, OSP5 8 

b<0±ffifcH^Sftrc2S^U>X8 7 0«SHTfcEll 
$ftTV^„ 

[0070] 2S)tuyX8 7<D±^ct±, mmft^yX 

8 7(CJt^TA^<D^U>'X8 9^ES^ftT^§ 0 

c©SJtU>X8 9 tf>±?7 coital 8 5 b ii«t§^teH 

ttt x tt-tytf 2 ^HEESftTVSo cft&SJtU^ 
X8 9Rt;)t-b>"9-2 4ti, ±§BfiD{fclI0B#*£-3T'5r 
-X9 2rtfcTO^ft, K^-X 9 2 «^H^:©@^g[5 
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[0 0 7 1] C (Dm 3 ®£R8MHfliJg§ 5 9 * fti, 

P L % j§j® L T t fcJHWJt I L te «fc o T 2flfl» 

stS'j§§ 5 9 • *mi$.~rz>x v y us 9 o tfKwjsn* 

i: , * <D 7 U -y h £ 9 0 ± O X U y h 2 2 £ jg Ji L It ffl 
BMIL^UyX8 4, 5 5-8 8Rt>*U>X8 6 
LT-7^h^F8 5 5 afcAI*t5, 5-< 

h #V F 8 5 ■pW^tlfcJtta:, *®*fffl4S 8 5 b t^BW 10 

->*ws T©^a5teiittt*nrc3ttt, %ytuyX8 9^ 

Co o 7 2] c©#&, IHMffl-'<*-^oisae»©fHB 

«, sytu>X8 7tc^uT^i^yX8 9&i;^-ty 

•9-2 4 *>\ £ftTSci:K:ft£o fct, coSBHSfr 20 
7^bfc^-r^T^l^yX8 9lcX%?%£o 

#u>x©^#«^ift^*nTi/>*o 

[0 0 7 3] iltO«fc9fC, 2IH«tHfl!l& 5 9 ' XHt, X 
U-yH69 0, U>X8 4, 8 6, 5 5-8 8, F 
#>T K 85 mSmtlsyX 8 7 tc D . XU'7 F2 2£ 

8 7 t%ftUyX8 9 fc%^LT3t*WK:»«*n*. 
[0 0 7 4] "TftfaS, SMtttKHS 5 9 ' T»tt, Jfrfe 
>"9- 2 4 tf^X/NXf-^W S T ©ftg&©#r£{i@fi:l8 
ttBttT^Sfcifc, ^-fey-9-2 4 0«JlftlCfiHtTU- 

ifT^it 3 1 <Dmmmmmim&w*$-z.rc otzct 

yJhiM KS?K:<fc DJg$ELT</>ftl/>©T\ ^iaXt 
tifci§"&©<fc 3 tc^XMXf— i?w S T ©W«j?Sfitf & 
[0 0 7 5] £*, SMfttfttHK 5 9 (Xtt5 9' ) * 

9, &If^MHftthM88 5 9 (Xtt5 9* ) fcffli^Tfifto 

[0076] mi icm*). m^m^kv immicit, 

tLX<D* 7 T 7 -yX-T? J 50 
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* y hmwMA l g i ttmfztix^So *nm&t&x 

tKDTyJtyVmUMALG 1 £LX, fflMBM 
7M©F I A ( Filed Image Alignment) ^©75^ 

yh-fe>1J-aVH^5ftTVSo £©75^7FiH»l 
ALGltt, 02K:^*n*J:9tc, 75^yFfflft 
?IS32, /n-757-3 4, fHltttlU7X36, ®2 
WfolsyXZ 8, Ji&fll? (CCD) 4 OlI^^T'P 
mZftX^Zo ZZX\ %M3Z£LX&. 7n-F^ 

y f <ommyt% mtttt SAnyv^y^sv^n 

5o C©77'T FSBSBHALG 1T&, g|4tc^£ 
-3 4, ^l^ttlb> / X3 6^^LT'7X/NW±cD75 

^^yh^-^Mwfflu ^©75-r^yhv-^ 

aMJ*60fiftW«»lJ**U^X3 6, 

3 4, ^ 2 tt%SlsyX3 8 *^ LTffift^^ 4 0 T*gft 

•r§ 0 cntj;^, mmmTo&ftMicTyj *y fv 
z<Dm&mimmcM-3%, rv^^yvwrnk l g© 

^ffl tf£v£g*f6 4: 1" -5 7 v << * y h v - ^7 M w ODiiLW* 
fctcS^^T, ^X^^|+3 1 <D^f4l?^S$n?)X 

•r - few § 7 5 ^ > i- v - * m w comma. 

[0 0 7 7] Hfc, 4^m^fitoS^S1l 1 o 0T(i, 

7 AWfli $ n§ TtM^w l, ig»3e^fi p l (Dmmic 

|q]ttT^<Dt!>*-;l/$rc{±X'J >y h©«*fgjK-r« 

•T§RSI^^6 Oat ftlfioeiDiaiOx/MIV 
*ffi-p0£»JI«l*»tf *»ftfc¥*6 0 b 

■9") ^WBtiTV^So ±»SB2 0T-ti, 

6 0 brtOH^bftl/'» 3 Pff 3 l I SOBa#3ttJll©)l6(iK» , r 

*XS»KlSi;TjijSffi»KW3S (6 0 a, 6 0 b) \t 

*7-ty h^#^T ; eo++ U7U— >a y%fto£o 

tft^T^S. ft*, *sfe«S®ll©i»^ffiB«W^ (6 
0 a, 6 0 b) £mttO$&ft£ttlHfttil& (7^-7J 
Xt7t) <DWm*mf&&* tWAfcflWB¥6-2 8 3 4 

[0078] ±»SB2 ot'ft »a-r*j£aB^ 

HtC, ^)t^6 0 bfr£<Oji£-fft{i^ (77*- 

*x<i^) , mtfs*-7m^fcg^T«u£i*ntf 
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ft) ^H^O^x/N^f— 5^Bil5R*^'LTfll!l» , r 

[0 0 7 9] #£BH&&0Kft&M l 0 0tC*3tt 

[0 0 8 0] £1\ ^H*oi/^-^;HKa9Rte«J:0Uf- 
^Rtftj^ft, p-t^ y?#i>i/a ytfe§i/f 

^l/Xf->*RSTti|ifi^n§o #^T', ±» 

r-^RSTOtfcfitfSUffllStu 10 
ftfc^B^DUf-^UT^^hv-^ofiRft (S 

ft3o 

[0 0 8 l ] ±frJPSB2 Ofcj: 0, £H«tHHiJ 

S5 9^7v^^yhTOMA L G 1 OUT^fufi-r?) 

j;?^ ->i/^f->*ws T#M£ft, 7^-r^y 

bft^A L G 1 £«fcoT£ffl«tHHI$5 9 (DfiBS'* 
fcfcSXU? F2 2#*ltfJ;£ft£o o(D75 20 

'T^^h^ALG 1 tcfcoTXU-y F2 2jW&HS 

->«oa»ttH4:r7-r^^hjt^AL g 1 tota 

[0 0 8 2] frfr3^-X5^yft)flJ^7-f ± 
SJIWStt 2 0 £ «fc 9 , 0!|*.tftirlflB6 l-4 4 4 2 9f 30 
l v $i&iffCp»crjfl/T^nS EGA (X>/\yX F • 9 

ft£„ ftfc, C©^x/N7^-r^y FfclSLT, "7X/n 
W±oaa©'>3 >y F ^$<D -5 £ (0^ibMH> tbtifcffife 

>y FlO^iAT^^yhV-i'Mwtf 
y MffltiKALG lfcffl^T, BUjibfcSP<b 
TfH!J£fti> (02 #88) o 

[0 0 8 3] &^T\ iffciJflSSfi 2 0T*f±> ±T'#i&fc 
*x/>W±©£*>3 y h^O&H'tflSS^-T.^'l' 40 
>ilCl-j^T> =fi*MH-3 K 1 3^e.<0&fi1ffS^ 

-~>*R S T*jiSM*6ffififctillft4i>Lr, ^©IS 1 5/ 
[0 0 8 4] -ffcfcS* ±*JjW£tii2 OTfti* 
|pJt©ffl*f;£S$«U BXf->*RST, WSTtf 
TPfi'/l/RO/^-yl^W^nji&J!), ifeiEltJtt 50 
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#IJM&Sft*o tOj£3l»Je©MJ6te$fc£toT, 

^i/T^-cy F^^f^Brij^^y f©&7u- f 

[0 0 8 5] ±WSl2 0m #fc±iB©j£S»tt 
ilCl/fi'^f-^R S T©Y$ft7jfRj©^i f J:SJSV r 
£ ^xmXt— i>'W S T CD X$fc>3 |pJ©$SJjM V w £ ^ 

w&tt&% p l otft»<s*t*si;feiSittfcfc«a*sn* 

i^tl/f^^f-^R S TRtf^XMXf— ywS 
[0 0 8 6] ^LT, Uf-^/FR©/^-:/^©^^ 

[0 0 8 7] LTlf? l->3 7 F^i£©i£gl*fttf*S 
7f5t> ^XAXf-v'WS T^2 7 

[0 0 8 8] 2!OJ;5fcLT, i>3 -y hP^OXx-y tf> 
7*Sjft i: •> 3 y F <Dj££RftlM1s fctfH 0 iB« tu 
•y/7> F7*+>^T")xnW±©3>TOv'3 y F 

[0089] cc-e, ±E©jtaE«jifi*tei4, ta»3te¥ 

&P LK— fW9fcffi(«| , tt6nfc7*— ^X-ty+J" (6 0 
a, 6 0 b) tCcfcoT7x/NW^®i:iS^^^P L 

(^o^®) toifflHi, xy¥® c»ffi) tc^-r^Mf4 

jWH-W * ft, ±M»Sfi 20tc c }:oT7x/ nW^S i: & 

^x/x^f-^WS Ttf8iiIftJ£ft3o 
[0 0 9 0] til5T\ ±IBO^SB^cptx Uf-i'il/ 
R fc^x/MALLOS' a >y F^tcK^JFM^ 
ftfc^^^-^i:^iEfittcSfe^t>-&6ftsrcfefc(±, S 

ztix^zct, Ruumft^p Komimm^m 
[0091] ^mmmmvit, ±^<om»m^<omm 

S^fil+«iJ§§ 5 9 Xti 5 9 ' (WT> LT 
MfttHIIS 5 9 J fcEf) ^ffl^5ft*. WT\ c©^ 
P^fMtiIi§ 5 9 J; 5SHMt«fJ> &t/S^^^^ P L 

[0 0 9 2] 0 2 tCti, ^fiftaijg§5 9^fflV^Ts U 

ftT^SSifOtflBa^iSftTVSo l^^^;l/Ri:LT 
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Dfc, U^/l/X-r—yR S 7\L\s3-tj\/tmto1L<Dii 
TfcJiV\ 

[0 0 9 3] CCT', Uf-^;l/Rfcfi, 02tCj^£*l£ 

*3fc» msoiBmfcxiirtrifiiifcjBJBtt*^*^^^ 10 

7 y K 7. ^- x v - £ 5> fi!c 3 St Sll ffl # - v P M 

fiic«nT^st.o4:-r*o *fc, ami«H-aii»5 9ox 

UvMg9 0tel4 % 06 (A) £^5J;5£, Yfft 
*lftfc#tf*m^«2 D©X'J >y h 2 2aWgJ«*nTV 

[0 0 9 4] grfflttOffftHic SfeO, ±*J©Sfi 2 0 {C 

ojsuiiBijwwwffl^^-y p Mas»©*fc^*ti* 20 

PMfni:oT@j/f. ttSLb/£)t asm ft 1 D tijas^jt 
^pl c«fc db#t ^n, &gj&)t¥& p l <D\mm\ 

5 9©X'J<y h«9 0±©X'J >y h 2 2© + X$iJ 

-Xfflil) ^MSBSf^iPM' jW&SSftSffiBlcRSS 
4Trv»3t>©£:f 5„ cofct©SIHMWH-ai»5 9©¥ 
ffi0^06 (A) fc^fnt^S. 30 
[0 0 9 5] ^LT< iflJfflSH 2 0 «k ?K -^XAX 

x-y'fgfl^^LT^x/NXr-yws T^06 
(A) 4Hc^FT^£ft3J:5£ + X;£fa£Igfij£ft 

^S$n^o c©j££*te* XD <y h 2 2^jlii-T5^ 

(mmft i D ^^xAXf->*w s t rtogjiBt** . 
[0096] @6 (b) fc«\ ±m<D&mmfrm<D!&K * 
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[0 0 9 7] CC0i§£\ Sffl^PM* ttXU-y h 2 2© 

£g?jft (^SS7^Bf©^S77[R]T«^<> ±I3©£B5 

jtaftrfiu -r^t3^x$4^fn]) ©*§ (20) 

[0 0 9 8] $ot, X'J <y h£p (x) , £fS<i©33> 
KStf&fci (x) , MMSftSftMSM^fcm (x) 4: 

nt, aiHM»oa«»*i (x) fcRinsnssfrgfe 

*fm (x) ©Nffitt%© (1) ST*S-TCi:*^#5o 
H<D (1) ^C*3^Ts 3SJR»*1 (x) , &g{f€m 
(x) «WfiS2Sfe0«Itt5» 
[0 0 9 9] 

m(jc) - fp(j;-tt) -i(u)du -"(1) 



[0 10 0] 
H&2] 



/>(*)-< 



1(1*1*0) 
0(|*| > D) 



(2) 



[oioi] t%t>%. wm\ntittm\mm u) it 
xu-yhp (x) t^mm^m^i (x) ayt; 

[0 10 2]foT, ff-«!j«fi©ffi;tP5H\ XU «y h© 
;£g#ft©iB OCR #fc rxUvMfSJ fc"f4W 2D 

[0103] fgi8#t±, x'j «y us 2 d*. mmft I L 

©$^A, S^Jt^PLOMPtSN. A. ©Pffcf 
(A/N. A. ) tbX, l^Salz-fayStf 
Dll&l££ii$ 0 jg Ut o fco * OfiMfc X U -y h ffi 2 D = 
n- (A/N. A. ) i:U n £ 1 

i: lis fflHflHffiH«Sa«fc#©£m©Rfc«7n 7 t 

^;b©*fb^ / >^<^ ^y^2 4 (ftMMmm?) « 

K©{S^Saa^^^^:t*^V^5-y^ • L/yi>WS 



[0104] ±iaoa»aie*o-«*^^ ^Jx. 

[0 10 5] 

[Hi] 



JKSCnrn) 




(A)iffifi/»KU>XOIiHPR 


B-AXO. 8 


248 


0.68 


364 


291 


248 


075 


331 


264 


193 


0.65 


297 


238 


193 


0.75 


257 


206 


193 


fc?5 


2f?7 


182 



[0 10 6] ±!2SlfrP>fcfr*r3=fc?^ nnS, 2$ COifiOX'J-y HirplRO^PAUf-^;!/ (VX 

B) ME§3 0 0 nra«T^l«4Itfe 50 § 0 
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[0 1 0 7] £oAU-f-£;Wi, WWl 0 0 nmigjgCQ 

(4, 2. 2 8 6 mm, 3. 0 4 8mm, 4. 5 7 2m 
m, 6. 3 5mmJ?<Dfe<Dtf*I*Pft-efe§ 0 
[0 10 8] _k$£D£D<, X'J«y MM2D14, 

-ty+)"2 4 t LTfflV^if-&tC{i, XU -y HiftWtc 

\mm mm) <D®.mmmx$>%o l^l^^, 

mat. -%.<D%mtf&z>rcib, xu>y h^Dtf&g: 

Dfcfc/NSi/^ 7U >y h 2 2*»f Sft»tf/h£< 
[0 10 9] fgBM^^SaU-v'a y&t/Hl^cj; 
SBOPff P1W tf <y f- (L/S/^-y<oe7f) ©¥ 

timmtftzc ttfmmznrco cmc-D^xa, £t 
[oiio] zftgx'Dmmfrzwzfrft&oic, *^ 

fifijgffi-etts JSHHtt^&l o, £rafin«5 9 uu 20 
7MS9 0 &07fc-tr 2 4*£tr) > 1 )x;\Xf-> ! 

ric^nri/^o lo^ ifrj^igB 2 o x o 

[oi i i] ±MLrc£MmmmmRx}£mmmfi 

mt, a. ^7. h7*-#*{M®fcttL b. /^-V 
«©*gfiHftil0tfcttk c. ^yhWiA L GO 

[0112] *nmnm<»myt%iw 1 o o fc*» « c . 30 

^- x 5 ytHBt o i/^T tiTOc t&0j? L fe r% ut* 

±!2a. ^Xh7*-**ffifi<DlfctiiRtfb. 

-j]7,{m<D&mik.x}m.wfe\m at®) ©#>ttj&o* 

[0 1 1 3] 07—0 1 2 £{4, 7^V*I0. 2/im, 
r a —f it 5 0 %<D L / S V- 1 <D£?m* BU$ L 40 

siHKwraiTSrffiK «fc o m-h l wis-r 5 

3 fOfctttt, !myt<D&& 2 4 8 n m, Jft»^5SO 
N. A. =0. 6 8, i^C3t:-l/^77^^o = 
0. 8 5T\ 7U <y Hi 2 D = 0. 3(imTS§„ 
Zkmt, % 1 © B ©*ftfcjfiV\ &*5, 07-01 2 tC 
*3V>T, ffittUX'J >y h©X{ifi ((ira) tSfA 
teft&g (x*;l/#ffi) 
[0 1 1 4] 0714, ^h7*-AXffiIt?Oi'5a 
i/3 y|Sft%^1"o C(D07{C*5V^T, ^ST^S 50 
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tlSB^P 2«0. 2 /i m L / S ©£R8#T* (1) £© 

1 (x) fcfflMSU ^ST^tl§fi«P3tfXUyh 

(1) x£©m (x) fcffl^fSo 

[0 115] 08&407©§£gM#P 3, -f&fc-Sm 

(x) *7-uxa«ibfciRosmm»aius»*, tg<d 

§ai£fi# P 3 i: 1 1> {c^-To 0 8 tcfci^T, ®fc£T*^2 

P 6 « 2 2&&fb£#$, ^iT'S^n^fti P 7 » 3 

3W5»R«#** ZtiZft^to 08T?f4, P4 
-P714, KB!l*SSfc'r«te». 1- 0^»J»±»fL 

[0 1 1 6] 09»^Xh7*-*Xftfi*>5)O. 2/i 

■To ci(D09t*3v^T, ^iig-e^sns&jBP 2t40. 

2 umL/SOQfflmX* (1) SOi (x) ICffl^L, 

m) ic&^xmbtizy&mm^x* co som (x) 

[0 1 1 7] 0 1 O«09O3Sltfa^-P 3^7-';x^ 

iHLfciRoffiiBwi«t»«»*, Ttommfm p 3 1 1 1> 

mto&ft*. r.&mm.x*mznz>im p 6 « 2 

^n^n^fo ^fe, 01 ot*«, P4-P7&, gRsu 
*ssKrsfc«>, 1. 0 r£i>fM±<>fLXKZtix^ 

[0 1 1 8] 0 1 ni^7sh7*— *Xfeg^5)0. 3 

■fo d(D0i ncfei/^T, ^T^^ns&^p 2t± 

0. 2 fimL/S©£HfftT? (1) S© i (x) (Cffl^ 

u jStn*^ti*s^P3^xy «y hoj^s (sr^fi 

ItiJ) {CfcoTtfenS^SfiM^t? (1) SOm 

(x) icm^tZo 

[0 1 1 9] m 1 2(401 1 <D3Mf§*§P 3*7— Ux 

«»Lfe»o$BBJB«a»ia^*, S;©?SJSfI^P 3 t i: 

t»t^-fo 01 2^fcV^T, Wa»T^*n*ftJ^P 4f4 

nsa»«»*, r^«ttT?ssn*«ag p 6 & 2 

SSuSi)-*, P 7 (4 3 

*, ^n^'n^-To 0 1 2 T*t4, p 4 - p 7 
«&s^-f3/c#>, 1. oystt*±tf LT^^nx 

[0 12 0] H7 fcH9i:*J±ISl'r*i:*)*'*J:?fc, 
0. 2 nmn^y t-fixic&^xmhfrfc&oBVitf 

MftX^Zo Sfc, 09i:0i 1 4: *Ji*M-* fc, f7 



(15) 

27 

coi2i] ±$©£5^ ymmm? 
* s o m * tr , i #b &8u«# p 5 1 o jwa p 

nyh^xht^g LT&Sk, 08£^;£tiS^7F 

7*-AXffiK0ii^03yh5^hfi> 0. 4 3?* 
So 01 0K^£ft3^Xh7*— #7ffiHfr5 

0. 2 ^mr7*— *Xtfc#&©3^h7^htt, 
0. 2 4TJ>So 0 1 2 fC;S£tlS^7 F 7* — 

*X{ftSfr5 0. 3(imf7*-*7l/ftf^03yh 10 
77 M±* 0. 0 4 7"PfeS 0 

[ 0 1 2 2 ] C ©cfc 1 fc, ( 1 0 3fc) Ofi(iJt"P* 

snyh^Mi, 7 *- A 7{ifi(c <t o rtt&icgfl: 

r a ©T'^gfi^^ p»^7h7*-# § 

(i^/o #) s 3 y v v x h wgdz t at 

-So 

[0 12 3] ^USS^glT'fi, &©<k5fc:l,T 

tft»^3SPL<O^ZH7*-*^fi[HO«ffl*fT3o 20 

[0124] £<d^z hyt-^xULm^mcit, m 

Atf, «7i/\J:?7'fy|0. 2fim (Pf-7/kkT* 1 
|im) . fa- f*Jt5 0%©L/S7-W, ftifjffl 

/<*-yPMfcbTJBja*tifcfHifflU^^;I/ (ffig± 

lx^^;l/R* £fS) jWBV>5ft£, iKD^Xh7t- 

[0 12 5] ^F0^flOUf-i';!/P-^teJ:O, U 
f^;Wf-^R S T±(cUf-^;l/R' tfa-KSn 
So ±SJflHg«2 Oflt Uf-^;l/R* ±(DftiJ 30 

[0 12 6] &fc, ±»Hfi2 Otftt, KWBftl Ltf 

i+sw/^-y p Map»o*fcj!awsti*«k 3 {c ojijp 

So CO«J8-p, ±9JWSH2 0T?tt, JSWBttl L£b 
*-*;UR' fcjRWLT, ffiafcpg#fcLT\ 7XM7.X 
— i^WS T*X*Wf|filt3^!Ebft^6ffiiai««ta«5 9 

8B2 0T?«\ 7U v 0cOZ$473(RlcOfiH 0f& 
!>inXr-^WSTOZttB) £gft£-£o 

[0 1 2 7] LI, ±»Sfi2 0t?f4, MfEtSDil 
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fug ("ffcto^, XU7 F&9 OcDZlftftlSlO&B) £ 
DWiU C ©{ftH*«l&ft¥3& P L©^7h7*- A 7 

fiBkUTftSfSo fui$<Dftl<> nyhvXhti, 7 
SOT*, W&ftfrfk? L©^7xh 7 

*>ossfcsf-»j (&£) fsck^-et So 

[0 12 8] £43, 2 ^MiOH^flD^dROJiaHBaa^ 

Xfc^-rs^i^+^tc^ti^v^-a-tfes^ s/n 

OJa»««»OJBSit©K{b*W»iJLTt^X F7*- 

* 7fuB*#46 S C t T* t S o ItiJffl^ * - y s 

L / S T— £ 5 ^ MB k 7"*— 7ffitfS| L^fa — T 

■ a. &® (3) *eife**»^fcA»ft*s*3W»6 

tlSCk^TOL/to 
[0 12 9] 

P« = A/N. A. x (1 — 1. 2) ••• (3) 

±j£ELfc3 7h97h^ffll/>S73ffitC|5IP,-r, ^6 

TOs^P ( (1) SOm (x) ) <DWL#mff&kt.% 

SZfiB (7*-*7fifi) «tB1-§?StJ;otfc 

^7 h7*-*Xffifi£D^i±J^Rl^*So 
[ 0 l 3 0 ] * fc, iSlK3tt*K P L 0«ffim«0«W 

tt, ^O^^tCtTfTddk^-etSo 
[0 l 3 l] C©«jB^O^Wtc|SLT 

it, -mtLxmi 3^^ns«t3^ 
H»!otHiiffl^*-y p Mi~pm. tf^jasnfctHiiffl 

l^^7;l/R l ^fflv>e.nSo 

[0 l 3 2] $1*, ^^<D^^;l/n-^}cJ:0, u 
f^;l/Xr->"R S T±{c^7 c 7;l/R 1 tfa-K£ft 
So ^fCs ±IMl2 0T*{i, b^7;l/R l (D^ic 

fft±tif(r-Sj-rS<fc3tC, Uf^^Xf-: ^R s 

iJffl^7-y P M. »»©*teJ!a««n* J: 3 tCRTf&U 
f-tfrZTyJy F 1 2 «ffiiiSiJWLTJ!9WSI«*«£1- 
So C^SIT\ ±M$£«2 0T*«U Rg^Jtl L^rU 
^7;l/R lKiSSWUT, tOJEklBlttKLT, X'J'VhX 

* + >^Sfc * 0 ffiMflltKIIft 5 9 v^TW- Wffl / 
-VPMi 05filffl«H-«l&t«a»3t*3fi P L O^X h 7 

*-*7fitB©^fcb ; &fTi/\ ^-oea^rtgp^tu 

So 

[0 l 3 3] tf-jaffl/<^->'PM.%ffl^fc^7Nh7* 

smut i l ^itsijffl/^-> p m 2 Bttvwcmttzn 

Sck9^Rl»)U'5 L ^;l/75^yF 1 2«CnMfPLTJia 



(16) 
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TSW§z s Jt¥% P L <D^7 h 7 * X{fcH©l*tti*fT 

[0134] ±»SH2 otii, ±Mtmm 

[0 13 5] cnt<fc9f#6ftfc&^X h7*-#7{4 



[0136] w&%¥%.? 

[0 13 7] U±fc<fcD % MfliLfcA. jS»«^*PL 

o^h7*-*xttii©*w&tf«aie«iii (4»®) 

[0 13 8] £ ft, tSM^tS P L 0«ffiJRao*ffi 

[0 13 9] -f&b^ COflffilRMOttttltBLT 
tt, M*tf, 01 4te^Sft*«fc3te><*-^8PA 

2OC0stSW/^-yPM 1 , PM2jW&SSttfctfiB!l 

misf-tfrR 2^fflv>p>n5o n-j»jffl/^-ypM i 

[0 14 0] ^0^Obf-^;l/o-^fc«fcD, U 

ffl/^-ypMi^ is»)t^PL©jt«i±fcBir- 



20 



30 



30 

cfcOS^fMt«5 9*ffl^TIHiffl^*-^PM 1 O 
^•ffflfl&tflftl&ft** P L ©-^7 h 7 *-#7{iEB 

[0141] MYMf%^$-y PM 1 *ffi^Xh7* 

i l mmm^z-yp m 2 gp^c^^ns «t 

P L©^Xh7*-#X{&B©&tH ; £fTV\ •?-©*£*£ 

[0 14 2] Cftlc <fc Dt#P>nfc^7h 7*-#X{h 
KZi fcZ.fcOgfcg-^T, P L ©BffffilR 

[0 14 3] 3tt*3ROlBPI|5Ceo 1 OT'$ 

T5^X b7*- #x{ftfi©gKg^TSOiHcJ: *5££ 
^Xh7*-#X{&fi©g©a9£fi|jK«3 o<2 0 nm 

[0144] <rt#—>&<D&fflL9<Dtfitii> >^—y 

®<DmmGLm<D®mz, c. ^^^©fg^&tfxv 
e . fig^f - nr yMfetoztiztuD g w-efrfcn*. 

[0 14 5] fH»Jffi^*-y (fi-$iJ*f#i£fc3^-7) 
ttEWKJ^Tfl^-Cfc-So 2 ©J: 3 

[0 14 6] 



fc, ±mm%W2 0T-(i. jawjti L*wjffl/^^-> 40 [mi 











Box in Box Mark * 


Box in Box Mark , 




Line in Box Mark % 


Line in Box Mark « 




Box in Box Mark % 


Box in Box Mark > 



[0 14 7] Sf^^P LOfg^SO'x^Xh 1 5}C^^n§<}:d{C, P A O^iiWRtf 
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3§t»S*-y B M. ~ B Ms jWBrtSftfctHBffl V=h 

*;I/R3jWH^5n*. Sfc, &iHi$tHgi§§ 

5 9#HWW**y «y h1£9 0_htc ti. 01 6tC^£ft 

h 2 2 a 4:, YffcfrlRjfCfftfSflfr^iflW, S£ LOX'J 
•y h 2 2 bfcjW&figsnTVSfcfcfcK:* ^iaXt- 
i^WS T<Dflg|$©gftft^Rtfft-tey+>-2 4 (XfiBI 
3 05t5ltHa5&t;S3tta|5) Z U v h 2 2 a , 22 

©fcfSo llT\ Wtt09*ffO. L« 10 

0!l*l£2 5 /imT'365. 

[0 14 8] $-f> ^HwObf-^^n-^KiO, b 
f^;Wf->*R S T±ic\y^-i/;]/R 3tfa— H*ti 
So ±»JfflSH 2 0 T«\ U^^;l/R 3©**(c 
#tt1**tfWffl/<*-yBMi ©«fiw0V &8#3*£P 

LtffHUffl^-yBM, ^tyltliJffl/^-yBM, £ 

I/)b^;l/7^ y K l 2 LTMS^^M 20 

ns^dtc, gfiHffl/<^-yBMiOSM«BMi" , -r 

ftfr-5«{S?3 o iifi<Dj£J;Btf.<D/W-ymWB!8.Zti 

[0 14 9] (KDtfllT*, ±$iJfi?gB 2 OT'tt, El 1 6 

/^-y pm. ©Sfffl«thiM*ffi/\ ^ottiUtc J: Df# 

5nfe3t!SSM#m (x) *^tUte8B«1-«o 30 
iffiiJSPSB 2 0 T'ti, f#5tlfc)t«Sfll^m (x) (Cg 

(D^&tLXte, mtf» 7t§SJtfi^m (x) £7->J 

&ft-£<5) fcCftfcraHSftlfcO^fcftSIE&ifii:® 

»a^» t c n i: ra-jsuBoa* t ft t ©«® 
*ffi%LT%%nrm<offim (7-*#y^xyh) 40 

3 c t K * 1 &Mm»i&ft(omwBmctt-r 

[0 15 0] ±*MI2 0"PI1, *X/NXf— 

y*WS T*Y«rtriftfcj£*tft*»6aSlllM»W-ai«5 9£ 

ffl^TtHMffl/^-y P Mi offilBflHH"ai*fTV\ 

f*„ fit, ±ie^iH]is©{!iffi^aj(?5¥?4fc t fco, it 

ffliJffl/^-y P Mi ©YfiBy i^*46S 0 ^Lt, ±W 50 
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mmwz 0T*«, tf^n/catfflffl^^-ypM, cdjs^ 

fit (x,, y.) tgOVT, l/f-^;l/R3©jail|tt"^JC 

[0 15 1] ±m<Dls?-?)\sR 3 Offill-f noMiEtf » 

7T3i:, iftjflpgfi 2 0 SfoBftl LtftHBIffl^ 
£-y B M 2 ^tyft^Jffl^^-y B Mz J; 0 -0 0 

9>t>ki 2*wftiwflPLTi!aifl«tt*ste^*. 
[0152] vm, ±sig{i2om ±12 trait 

fc, RHifi1H«*«H boo, ft$iJffl^*-yBM3~B 

M 5 fcO^TSHBOffWRtf X Y{fcfi<DfHB!j*|*») £ 

Uf3c 

[0153] cintcitpffsnfcB+iijffl^^-yBMz 

~BMs<D®l{I (x 2 , y 2 ) , (xs, y 3 ) , (x ( , 
y 4 ) , (xs, yO Ei^>t, ffife<Dmn*fi5£ 

[0 15 4] x-f7.h— yayfcli, <f*-5>7-r— ;l/ 
F © Ji22-e**itl£ K & * ^ # t © ^ A o rm fc ft § 

a»Jt*IR P L ©iRMT-fc 0 , ccoxVxh— yaytc 
<£ 0 flSf*KM«<**»& rattle^*- yfl»^ffi±0 

m£offiB*»6rnT («mbT) »«sn*o 

[0155] tot, ±$bfdg^Rtff : yxh-y3 

-;!/Fl*loa4*ffiBtJ5l»*ti*#W-j||ffl/<*->0 
y a yRXf®m<D'p% < i: < i+$iJf § c 

[0 15 6] fib, #— (D3 0 /imftO/^-yftBM 
(n=l, 2, , 5) £XU >y hX^-rybT 

g£gtt § c t ZM^m&oiz f ft L / s * - 
y, tw*.tf 5 /imJ^±©vyyip§coL/S/'^-y (c 
o2ffl*tt, v-ryu i \Lm<oh/ S'W—y&tte 
s) frStfstf-BJJB'^-y («a± rcM,~CM 5 j 

k"*4P) Itilffl/^-yBM.-BMstCf^TffM 

*nrcuf-^;i/*fflt->ntfa^o 01 7tc«, cco^ta 

9 0 ±tc^©itMffl^^-y C M, ~C Ms ©s^fic M 

„' (n=i, 2, 5) ^ffM^nfcmi^^n 

[0 15 7] ftfe, ±T*tt, ffi*S^ttl©^?4^«ti?, It 

ijffl / ^ - y os^^ofig-f n^itiiJ-r 5 1, <d t b fc 
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ft<Dm%z&wic®&-$tiz>mmm>**-y (bm„x 

teCMn) ©SHfc (BMn ' XtiCMn* ) iCD^XB 

fi^m (x) otftasnt^) ^net^m^©*^ 

£Rflft (B Mn ' XfctCMn* ) ©{£g (x>y >>'©&») 

ttzti^mmL, mnm&k\zm-3^xmz%¥?k p 

3>7 -f K rt OS ft § {i@ fc 5 ft 5 £Mtt ( B M 

n* X(iCM„' ) ©ffitt**ften*ll$E&<#ii>3Ci: 
tfTf, ££WtefV*h-5'3yRlftgsis© / >fc< t 

fettifc*?* x l^;l/T&ft3$SM-*f 2 ff fbS ft> 
*©X7^Xl^;l/©I^tf»9J&J§-&K:ti, flUtfH 
7 ©&?& P 2 P 3 t (Dm&fr <bWMT* £ £ i 3 fc N ffi 

[o 1 5 8] hz.hx\ wfcomymwx^z, 20 
^xm^, ®&x.¥mc&z>mftffimmc3 0 urn 

T X <y f - y ^fcff V \ % OX >y f - y ^£ 7 7 # - B 0 

WXh— >3>fi"li|H#{C(iX«y^yy$nfc3 0 limn 
<DT?Z— BOXV— ^cocfj^fc, l0nmM<D^yi- 

[0 15 9] f£oT, 7x/n± (f£ffi±) X 1 0 ftmH 
© B 0 X V- ^7 ©£fH{i£x «y «t t) fcttl 

iRM©^SAW •> x/ N^ffl ^ fc±f E©rV Xf-> 3 

fob, ±SS©S^7x/N^ffl^fcT : V X h-i/a yftiJ 
4:|B]^&f»g (accuracy) tf-^Xb-^a^M 

[0 16 0] Ctl*H?i1-*fc4i)fc: % j?u$L/efvWX 40 
U?-£/U^U?-£;l/7^f^ — ^-Wl/"?-— ^ffifc 50(i 
(7x/\±l 0 iimft) (D^yi— BOXY- 

n-teXTf;^ 7xm± l o /im£©v— i'iif^yi/V 
x/\± 1 0 ftmftOBOXV-^O^ffiW^iRi (10/i 

* o<t\ iSi: rjgfttBoxv-^j fcnp^o 
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<9 , toJ9JH*ia»cfillft7?lftfc^lHI«fHWB 

w*ff*tf^ #6n*^#isaptt, boxv-^s^ 

t>Xlb%o 

[oi6 2] mmit, m\ st^sftsfHii/Bu^? 

;i/R 3©ltiJffl/^-yBM,~BMs^^T, friB'Jffl 

* - > * x 73 [S] tc h t x x h 5 -r 7 ttte ffl^f 1 1 rdn 
MXvtx'^-yttfci&L fcftfflm uf-fji/R 3 ' * 

P L (DrV Xh->3 >fKW*ff -o fctSlft* ft 

0 , Y 73 Ip] IB L Tffl^ft ? nfejgftl* '^^^-y 
i: , X 73 fS]fc || LTtt5Mk * tife flifttf -y * X/ ^ - y 

(DtfSOT^^-y^X U y h 2 2 a . 22b T'fflftitS 

■r § <i t ic «fc 0 , fV x h - 3 yWffl&ft *> ^ i: 

[0 16 3] II 1 8lC& y ±^LtzYlSfpHcSSLXm^ 

its nrc mux v t \& - y t s x 73 (Si ic m l xm# 
it 2 tut MQix vtx/w- y*<D®<Dmm'* z-y 

nrc-?~?7vv 2 (3 0 0 |iraft) <D— Mrf 
7jx£ftTV>S 0 C£DH1 8tC*3l/^T> H§MM 1 , MM 
2{±, 0IJAti5*©5 /imL/ST-^^SfiKSflS^th 
iJ^^-^T^O, ??#MM3, MM4«, ffjAtf2 9 

*©i fimL/s-?-?frt>m%7*-%7>mm'W- 

yXhK), f?^MM5, MM6Ji, WAtf 1 1 *© 2 . 
5 ft m L / S &j£Sflf(U« >y ^X/^-^T'J 

So C©H1 8©V-^yn-y^«, ^RtffWXU 

5 0 ftfc\ M^<y^X/^->o^Mbfi, mx\i 

2. 5firaL/Sifi WxnlO. 5/imL/S@ 

s) wT**a*tv\ 

[0 16 4] «»»^3fi©3vi|sas©fKW^rffih: 
-D^xmmt^o 3^«M©W-MH:, L/Sv-^^rlt 
Mffl^^-yi:LTffli/^^l©73Si:> Line in Box 

^7 *tf9Jffl/ - y L xm ^ 5 m 2 ©73 4: ^ 

[0 165] (^ 1 ©73 ft) ttStttfffifc: £9, n^lR 

©<ans?irfii*ffl^'573a^fij6nT^«o cct\ m 
mmm tit, «#wttJ:^T®««n*u^h« 

019t^^n5O. 2/jmL/SV-^ (^ftfl) © 

(4) ^^ctdtc^e^n^o 

[0 16 6] 
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[S3] 



A - 



Ll-LS 
U+L5 



(4) 



co 1 6 7] a imn 3 %*mtfl8Bft&& wse^y 
x) fcggti&e^T&So 

[0 16 8] ^HM+iSiJfC*3V^TtuO<fc3*L / /S/^ 

x\ ^mmc^r^y&mim^m^mm uu? io 

[0 16 9] VLT, C0H«g?!fffi©tH8lfc:£3 3viK 

<D 4 ft 0i5#0£H- 5 ©m^lt jflijffl/ < * - y D M 
i ~DMs T&jjg S ft fc trajfli * ;U R 4 jWB V ^5 n 
§0 fH»Jffl^*-yDM,~DM 5 fcLTfcJu ^OWl 20 
(»m WXAflT'O. 2 Jim) ffa- 7-4tt5 0% 

7M9 0 ft tf £MfitfKN88 5 9 ©#D&H&, MM L fc 

[0 17 0] C«DIB, ±»S«2 OTtt, HtjiRLfc 
^-yDM 2 ~DM 5 (DMz ' ~DM 5 * fcf 30 

*) fcftjsfsttauHa^m (x) ^#^. 0 

[0 17 1] *l/t\ CO#&nrc#)t3fifi^#m 
(x) fcBr£©X5**U^;l/fc©^*Wetl* 

[0172] isyxomzvwffi-eismtf 

©SHttOrt^ #7-<y^^-y<0^*i(inviRMt/S 
>y 5?tHHJ«!)#ttK J: D&v-T y/^-yolSMSSHrffi* 

ssfctHU-rac fctf pragmas,, 

[0 17 3] fcfc, §ItiJffl^^-yDM,~DM 5 ^5 

#© 5 y - y l / s > \* - y t*S § 
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&wnm^z~-ytLT, 5 #© l / s / - ytmfe 

mmxmm&frmwztircm&v-t'^-y*. &it 

Mm>W-ytLTm^T$>&.\,\ 0 2 licit, £<D£ 
£) £ LTIii^nsi^t, X'J -y MS 9 0 Jb*cfltS!f 

[0 17 4] COSMftEM' tt, 02 2{il^$ni. c fc 

^oi&^jy/W—yW'ymfti&irzo. 4/imtf 

•yf-ojaaa»a» (* 1 s*jsji6»j«^) f 1 &l 
mm (5*©v-^^e,^§-7-^^i/-7(D@eM^ < y 

[0 17 5]fot, fflSEfcHW^ ±»^«2 OX* 
tt, mm Lfcfem • rV X h -i/ a yffifflOIS i: |si*i© 

¥JiT% P^;i/75-r^yh, fttfSHi»tfiB)J*?To 

T, fHB'Jffl^*— y E M 2 ~ E Ms (DSH^ (EM/ ~ 
E Ms ' i:-T5) C»(S-r**!Sje«^m (x) fcfffc 



[0176] Qmimrm<Dimt%?>'^-y<D7£Mfi 

T\ L/S'W-y<D& : 7'(y/ 4 iZ—y<Dg.fflM\,cftt 

Z — y£&rci§'&(D : ?:<D/^—y<DQ?3{MUC)tit2>^-? 

-ry/^-y<Dtr«yf-^is-rs^ 1 s*jh»»i«5}- 

(±«DMT*(i0. 4/im) 5*cDV— i'frf.SS'?- 
^^lz-T'cDEBtf-yf- (±<DMT ; «3. 6/im) <Dtb 

[0 17 7] (^2(D7affi) 2 OSlJ 

^TjffifCO^T^-rSo cl(D?3^T'tt, 02 3 (A) 

<o^(om\ 5 mmctmm^-yF m,~fm s 

-yFMn (n=K 2, , 5) i:LT(i, H23 

(B) fCffi* LTjj^ 5 &Line in Box MarkilPf 

tfns-v-^/^-y^fflv^tiSo (Hov-^;^- 
y(i, H2 3 (B) tc^^nsjcd^, lia^Di (fw 

d 1 = 1 5 o (im) oiE^-'^^-yortapfc, IBI 
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j&Tj&O 1 mtfD 2 (0»J*tf D 2 = 1 OOfim) ©173 

JgcDT^-X/^-y (ifM D 3 ) 

^->-T?fe§o C (DtfMM^Z-y F M„ £7x/N_hfC 

fi (M/N. A. ) /2J,;TF@jg<D±££ir 

^HSUx, #JxJ;f, D3fi, 0. 5fimi:£ft3 0 
[0 17 8] CCOV-^gtiiJffl^^-yFMn^r, 3? 

iRM©Si»S^^^T|g{i-r5 £«©73tf;«SJ: D 10 

[0 1 7 9] £<Dif^ ^#ltffl§§5 

1-57, y >y h^9 O&tf^fifHBims 9 OUt^Ute, 
153 L fcflS* • -rV X h - > a > Itilto ^ £ |r] UflMt i: 

[0 18 0] %ZX\ ±»gH2 0T?&, fujZELftfg 

m-T^xh~iyaymi<Dmtmm(omui:\ 1^7 20 

-y F M 2 ~F Ms <DQT$m (FM2 ' ~FMs' 
t^-rS^Jgfl^m (x) 
[0 18 1] ^LT, &ft&Mi^m££>X^Xl' 

<i\>b<o^m^^x%\mw^-yv>-%.?&m 

M»' ~FMs' ©tt^feOlfn^ttl U I^WtHilS^ 

[0 18 2] C^^X^X^ffl^fcXyv^tii 
ct 0 , If jfflffl^^-y F M2 ~ F Ms <D£mi%(D 

tt^o-rtv&^tBu %<Dnmm%.fc%-~3^x®Byt 30 

[0 18 3] ±.m(Dt§&lCt3^X , X'J y h&9 0±<D 
X 'J -y h- 2 2 a , 22b <Dffi«±, ?Ett)fJ73 ft<DX U -y 

£\ ±fM!lfflV-7 FM,WUt, 0!l*.tfSll5O 

/imifi©t^7^^^-^i:, flfg&tftMBO. 5~ 

0 . 7 5 /i mggOi^7l' y/^-y^I+PJ73(o]tPjT 
(#J;U£, 5 0 /i mil) ?M^fc££*tfft<D 1 

[0 18 4] 02 4fcH\ C<D&5%mm^$-y 
(GMnill-S) (D^HfiGMn* tfX'J -y h«9 0±K 
J£/£2ftfcmWc£nT^3o 21 ©0 2 4fc*5^T> 
D 4 1 0 firru D 5&0. 1~0. 15jim-£&3 0 
CCDcfcd^^WfiGMn' {C^-T^^Sfl^ tu 

M L fc X 5 X £ fc «fc 3 x <y ^ B © 7? S K cfc D & tti f 

[0 18 5] j£S7?fn] (ftiBWrp]) ^Mftm^-ry/s 

^-ycD^fifiifnviRM^^i »7*t < HlM? 50 
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tVf 5*331, ft$Jffl^7-> (GM„) OckatC, ^SE 
[0 18 6] ZVfcib. ±82c0OTiGM™* <D#*W4 

©impair 3 T^a^s^ si^&pl^v 
[0187] c(Di^t>, n-S9S^it^(pi±-r5 

fcid. 02 5<D<t3^DjgLSEfi^n/cIti|iJffl/^- 
[0 18 8] MH^xHiycDiiiJ^ffitO^TUi 
[0 18 9] BS^-rl^-feyttfifitH^^^-^XtcJ; 

LTtt> ^ tVt; V-*yaymfetmm^-?vSL%: 

(DBW^^fte^jtZK^-t^z-yftm^tiZo 

l&^r&lC &%>^\,$, Boxin Box Markfe^te^L/ 
S^-^^ffll/^tls ^Xh7^--*XfiB, + l|im 
ifi(Df7*- £X{4®> - 1 /imgJS(Dx7*-*X 

*im<Dmmm\u ssifwry (= at^-rn 

i/f7^-AXi) ) £tm-f Sc^fTfrftSo 
[0 19 0] SP^ilt»^{i> ^#{^ti:(e]1i{C3 

[0 l 9 l] W±l¥ffl^^L/cJ;ati:, Jf.W,\<DmM 
nmMft^m lOOlC&Zt, X 'J -y HS 2 D = n • 

( A/N. A. ), n^0. 8"e$>3X'J 7 hi9 0?: 
*-r5^ftltSiJ^5 9^<ix.TV^ili:^5), cco^ 

[0 l 9 2] Sfc, H7tSgl OOT'ti, ±$|J1IS«2 

oti\ Qmmmm5 9^ffl^TM^xy -y hx*^ 
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®m<DfHs.zmmt%%im%£) zm^x. f^xh- xttHotumti, xu*y h«9o<oztti2rfc o^ito^ 

<Dmmts vim* T&s&ytnnis'f-tfrtvx.twp K&K>%t>t\rc%m$Lm 5 %<D (i#/o&) ©jgntt-c 

&< fct-SOjiaBiS^aiS-rSCfctiOfTfen £>S=iyh9Xh#g*i:&Sxy>y hJS90<DZ{38 

[0 19 3] RftSIl 1 0 0 WAtf *&So 

is»)t^<ois«#tto*!iJwaBS, fesvni, S7tr»i^ co 1 99] iim^ ^h7*- axofctmcigLT 

£&JioT^ft^0*6fl^08SSIfc:«J:!K ffittft 10 fi, X'J 7 h1S9 0*, 0. 1 5 n m<D\fv ^HPR^ 

tf?f*>*i5<D-e, isswtB5ttas<Diqi±^Rr^i:4 [0200] cc:t\ 02 6£fflt^T±sa©^xh7* 

§0 — AX^tHO— fiajJCOVTii^f 5o <KD02 6tis X 

[0 19 4] $fc, MTtSMl OOTtt, 2 U<y hfo9 0*1 3@9B Ur7/) T* Z«l»|q|fc«{b 

LT077-r^yh^HALG 1 <D^-X^-ry*<0 (0 2 6^<DxEn) Z$4i: LTtjVT *><DT*£ 

ttHi)5»^Wa^<fTtonS<DT, f^-X^'fyMM 5„ 02 6tt»tx91T?^?nS 1 3jS(93y h^Xh<D 

U-^^;l/i-j;xMi:£Dfife^ffiJg(D[R]±^njH^- (CcfcoT*46§ 0 c (Djfi^ft^ C , iI^&UMI (Xb 

SO, C0jSfc:*v^rt>»3fc«a<DiRi±^pJftgi:*-3T 20 7->3;H'l/^W S L £&IHI©eit 

i/^o =2 B(D^&%^xb7*-i}xicttfoirz>zmmmk 

[0 l 9 5] &*5, ±E*MBK«-PH:, XU -y h4@2 D "TSo 

a\ mwtv>&&x loibprn. a. [0201102 7&c&, 026 tra*oi»H^*n 

fcow^^rtLTtts^nTv^^g-tovTSi^t t^«. flu £©02 7ximmt. i&j«#©®ib 

[0 19 6] -f&fr^ XI) >y MM2 D*, ifcRA, flfl T\ 0 2 7 (CfctfSWZ (=Xx>y ^7fxf-^ 

P&N. A. oi>rn^-^o**^aUT^«)rt)fi: 80 0«H*HSfc:Lfe«P07*-*X«iHifll«*%* 

l\ CO«fc5ftXU v MI2 D©XU <y h^WfSXU So 

•y h**fll*fe2iai«H-WI8*ffl^Tt, ±flB$ffifttt [0 2 0 2] (1) <>g -y h7>fXA^EWa:»& 

<D£rm (ma&<D#w Qm&<Dm^mwmzx$> fctwwrs. ixmwsusft cwt, as ri^^j 

[0 19 7] X'J 7 MM (2D) ©jft££88LT m& (DOF) KSitp-f S©T\ & 1 3Kfi8#0iBIB0 

Efcwwr*. -Wfctr, 7*-*xtfsij /^xw-7©z/W\&{r3-Jg?>^£/'rXN£:-f 
m^-rso * 

NocS 1/2 • DOFocA • S' /2 / (N. A. ) * (5) 

©Mfttf&So ll-P, N. A. tt, IS^^^OBBP * [0 2 0 3] LfrSf^ »ft/<*-VOlMi*P tf* 

3fct?fcS. * PocA/N. A. ©H8^tf£S©t\ 

S/N^ (N. A. ) 2 • S" 2 /AocA • s" 2 /P (6) 

©IB&tfjSOSo. llT% S/Ntt, -$uS.ft<DWm ★*»©litt©ZKIB"r*ft»O¥^«*«:D0FfcEtt 

£S'fXWm£<Dik-e$>ZS/'Nl£T*3D&o m?%<DX\ & 1 -fXtf-r-*©Z# 

[0 2 0 4] (2) ^-7 • 7-fXtf£EW3:*fc ^Mtl^^y^XNttnil 
^"-7 • 1 35aK»0««Sfctt#LftV\ 1 35?* 

NocDO Fcx:A/ (N. A. ) 2 (7) 

©M&tffc*. ^ [0 2 0 5] fct> ft&**-.y<Dffl&*?£\sT. 

S/Noc (NA) 2 • S/Ac«A • S/P (8) 

[0 2 0 6] (6), (8) ^.fcDX'J'y hifl (2 D) <, S/Ntttt, 7-TX©ttKte*oT 1 O 
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[0 2 0 7] 02 8 (A) ~03 1 (B) fctt, X'Jy 
HI (2D) <0ff*tV»<EH%#465fefeiD->5iU— 

^a^ttfto-Wja^snT^s. 028 

(A) , 02 9 (A) , 03 0 (A) &I/BI3 1 (A) 
(4, N. A. =0. 68, A = 2 4 8 nm, o = 0. 8 
5 <D$k®-<Di§&*mto 02 8 (B) , 02 9 

(B) , 03 0 (B) &O'03 1 (B) t4, N. A. = 
0. 8 5, A = 19 3nm, o = 0. 8 5©^©^ 

[0 2 0 8] 02 8 (A) , (B) 14, 7* r-V;l/^7° 



10 



7*-*XtftafcM , f*S/NJt*3*'r. 02 8 (A) 

fcfc^T, USSiS (•) , RSSH (■) , j&tg (A) {4, it 

Mm'W-ytLT, 7^yBL^fnfn2oon 

m, 2 2 0 nm, 2 5 0 nmT\ fa — r <f itaVf ft 

1 5 o%oL/s/^-y^fflv>fc^-&*, ^n^n^ 
To 028 (b) icfe^r, (•) , mm (■) , 

£M (A) (4, ftzUffl^*->£LT, 

tlfhl 2 0nm, 130nm, 14 0nmT\ fa- 

r-rttav-fftt 5 0%<DL/S'^—y%Fa\,^rcWiG 20 

[0 2 0 9] 02 9 (A) , (B) (4, 02 8 (A) , 

(B) iczn?tittf&-r%xy h^Xh^-To =i^h 
7* Mi, 7'J-y m#/Jv£vilH*#<&J5 0 

JT»B 
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7-7 h • (1st Order) T*&5„ d 

[0 2 10] 03 0 (A) , (B) £14, 02 8 

(a) , (b) fc^n ; rn^-r§7r-xh • 

[0 2 1 1] 02 8 (A) , (B) SSSWfcl/vf 
U >y hfi (2D) >\*-y\L"j=f- (= 2 L) 

«KB# tf >y 4 5 „ 

[0 2 12] 03 1 (A) , (B) (4, 02 8 (A) , 

(b) tm-^T*. (8) ^m^Lfzm^oy^— 

[0 2 13] CCT*, 7'J -y MI2 DOSilftfclO^ 

[0214] Qmmmffivz y -y hoifi2 d, graft 

(Ommfrlp* i (x) £ f § 7 U -y h 3I39i|gm 
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